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The  purpose  of  this  study  was  to  provide  managers  of 
USAF  jet  engine  programs  with  a  model  to  help  determine  an 
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support  throughout  this  thesis  process. 


Tami  S.  Richards 


Table  of  Contents 

Page 

Preface .  ii 

List  of  Figures .  v 

List  of  Tables .  vi 

Abstract .  vii 

I .  Introduction  .  1 

General  Issue  .  1 

Problem  Statement  .  2 

Research  Objectives  .  2 

Scope .  3 

Limitations  .  3 

Assumptions  .  4 

II.  Methodology  .  5 

Overview .  5 

Population .  5 

Sample .  6 

Justification  for  Assuming  a  Random 

Sample . .  .  .  7 

Data  Collection .  9 

Definitions  .  9 

Developing  the  Model .  9 

Statistical  Analysis .  10 

Computer  Program .  12 

III.  Literature  Review .  14 

Introduction .  14 

Topic  Statement .  14 

Justification  .  14 

Plan  of  Development .  15 

Analysis  of  the  Literature .  15 

Purpose .  15 

Key  Participants .  16 

Guidelines .  16 

ACIS .  17 

Past  and  Current  LTF/ACI  Programs.  .  19 

Problems  Faced  in  an  ACI  Program  .  .  22 

Components  Inspected  in  an  ACI 

Program .  24 

Summary .  26 


iii 


Page 


IV.  Findings  and  Analysis .  28 

Statistics .  28 

Binomial  Probability 

Distribution .  28 

Statistics  Definitions  .  31 

Assumptions .  34 

Exact  Confidence  Bounds  for 

Proportions  Program .  36 

Program  Modification  .  37 

Modified  Program  Limitations  .  39 

Data  Analysis .  39 

Trends .  41 

Summary  Graphs  .  51 

V.  Recommendations  and  Conclusions .  52 

Implications  as  a  Management  Tool.  .  .  52 

Practical  Application  .  57 

Recommendations  for  Follow-On  Study.  .  59 

Appendix  A:  Pearson  and  Hartley  Charts  ....  62 

Appendix  B:  Data  Tables  for  E*+/-.l,  E*+/-.15, 

and  E  =  +  /-  .175 .  64 

Appendix  C:  Proportion  Graphs  . 98 

Appendix  D:  Marx  Computer  Program  and 

Modified  Computer  Program  .  107 

Bibliography . • .  117 


Vita 


119 


List  of  Fi a  urea 

Figure  Page 

1.  Example  Graph .  11 

2.  P  »  .8 .  43 

3.  E-  +  /-.J  P-1.00  N-400  .  44 

4.  E-+/-.1  P-1.00  N-50 .  45 

5.  E-+/-.15  P-1.00  N-400 .  45 

0.  E-+/-.15  P-1.00  N-50 .  46 

7.  E-+/-.175  P-1.00  N-400  .  46 

8.  E-+/- .  175  P-1.00  N-50 .  47 

9.  E-  +  /-.  1  P-1.00  N-30 .  47 

10.  E-+/-.15  P-1.00  N-30 .  48 

11.  E-+/-.175  P-1.00  N-30 .  48 

12.  P-.75 .  50 

13.  P-.  6666667  . 50 

14.  Summary  Graph  P-1.00  .  54 

15.  Summary  Graph  .95<-P<1.00  .  54 

16.  Summary  Graph  . 9<=P<.95  .  55 

17.  Summary  Graph  .85<»P<.9  .  55 

18.  Summary  Graph  .8<-P<.85  .  56 

19.  Summary  Graph  .7<»P<.8  56 


List  of  Tables 


Table  Page 

I.  F100-PW-100  Experience  on  Several  ACI 

Components .  20 

II.  F110-GE-100  Controls  and  Accessories 

Addressed  in  ACI  Program .  25 

III.  Data  Table  Excerpt .  41 


AFIT/GSM/LSM/88S-22 

y 

t 

Abs tract  "  ■  ^  j 

The  purpose  of  this  study  was  to  provided  managers  of 
USAF  jet  engine  programs  with  a  model  to  help  determine  an 
appropriate  sample  size  of  eng ines /components  to  be 
inspected  in  a  Lead- the-Force/Analy tical  Component 

J  / 

Inspection  (LTF/ACI)  program.  The  major  purpose  of  a 

t\ 

LTF/ACt  program  is  to  identify  problems  and  failure  trends 
in  engines/components  before  the  problems  are  experienced  by 

I  ' 

the  majority  of  the  fleet,  The  concept , behind  the  LTF/ACI 
program  is  that  a  sample  of  engines  with  accelerated 
operating  hours  can  represent  the  future  status  of  the 
entire  fleet.  Initial  engine/component  inspection  intervals 
for  the  fleet  are  set  low  and  extended  as  Vh4  LTF/ACI 
engines/components  pass  inspection  criteria. 

>  r  C  '  y 

The  study  has  two  specific  objectives!  fl)  to 

-2  n 

determine  what  sample  size  of  components  is  required  to 
reach  some  specific  level  of  confidence  that  the  inspection 
interval  for  the  fleet  can  be  increased,  (i.e.,  the  fleet 
can  continue  flying  past  that  initial  interval  safely) ; A  <2) 
to  determine  the  risk  or  decrease  in  confidence  that  is 
associated  with  a  less- than-optimum  sample  size. 

Small  sample  binomial  statistics  were  used  for  the 
analysis  due  to  the  small  number  of  engines/components 
usually  inspected  in  anjLTF/ACI  program  and  the  pass/fail 
nature  of  the  inspection  plan.  —  > 
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The  study  found  that  the  increase  (decrease)  in 
confidence  attained  by  varying  the  sample  size  of 
engines/components  slightly  is  significant  enough  to  warrant 
careful  consideration  by  managers  attempting  to  balance 
cost,  logistical,  and  engineering  constraints.  -  The  study 
provides  data  tables  and  graphs  presenting  the  required 
sample  sizes  to  ensure  varying  confidence  levels  for  varying 
levels  of  an  acceptable  number  of  components/engines  that 
pass  inspection  within  specified  error  limits.  '  ~  1 ■  J 


DEVELOPING  CRITERIA  FOR  SAMPLE  SIZES 
IN  JET  ENGINE  ANALYTICAL  COMPONENT 
INSPECTIONS  AND  THE  ASSOCIATED 
CONFIDENCE  LEVELS 


Introduction 


General  Issue 

When  a  new  AF  jet  engine  goes  operational,  a  Lead-The- 
Force  inspection  program  is  initiated.  A  Lead-The-Force 
(LTF)  program  designates  a  specific  number  of  flight  hours 
per  month  to  gain  an  inspection  interval  lead  over  the  rest 
of  the  fleet.  The  purpose  of  a  LTF  program  is  to  gain  early 
intelligence  on  engine  integrity,  reliability,  and 
maintainability.  Most  importantly,  the  program  is  designed 
to  identify  potential  premature  engine  component  failures. 

The  inspection  intervals  in  the  LTF  program  are  set  at 
intervals  much  lower  than  the  designed  specification  life 
limits.  The  goal  is  to  increase  intervals  towards  levels 
consistent  with  specification  inspection/ 1 i f e  limits  through 
engineering  evaluation  of  the  engine  sample  inspected  in  the 
LTF  program.  These  inspections  are  done  ahead  of  the  fleet 
in  order  to  gain  confidence  that  the  fleet  is  safe  to 
continue  flying  past  that  interval. 

At  each  inspection  interval ,  an  ACI ,  or  analytical 
condition  (or  component)  inspection,  is  accomplished  on  a 
specified  number  of  engines  and  components  designated  to  be 
inspected.  Due  to  operational  and  logistical  constraints, 
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however,  that  number  is  often  reduced.  The  engineers  must 
then  make  a  determination  of  how  many  engine  component 
inspections  will  still  be  adequate  to  determine  if  the  rest 
of  the  fleet  can  continue  flying. 

Problem  Statement 

A  problem  exists  in  the  method  currently  used  to 
determine  the  number  of  engine  components  to  be  inspected  in 
an  ACI  program.  Currently,  that  determination  is  based  on 
past  program  sample  sizes  and  engineering  estimates  agreed 
upon  by  experienced  engineers  but  not  based  on  any 
statistical  analysis.  Because  of  this,  there  is  no  way  to 
measure  precisely  the  value  of  using  one  sample  size  versus 
another  to  model  the  fleet.  When  logistical  and  operational 
problems  reduce  the  number  of  components  that  can  be 
inspected,  the  manager  must  decide  whether  to  continue 
flying  based  on  uncertain  information  or  to  ground  the  fleet 
until  the  ACIs  can  be  completed. 

Research  Ob j ectives 

The  objectives  of  this  research  are:  (1)  to  determine 

what  sample  size  of  components  is  required  to  have  some 
specific  level  of  confidence  that  the  inspection  interval 
for  the  fleet  can  be  increased,  (i.e.,  the  fleet  can 
continue  flying  past  that  initial  interval  safely);  (2)  to 
determine  the  risk  or  decrease  in  confidence  that  is 
associated  with  a  less- than-optimum  sample  size. 
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Scope 


As  a  result  of  this  study,  a  valid  measurement  tool 
with  which  to  determine  the  proper  sample  size  for  an  ACI 
program  will  be  developed.  The  model  will  not  attempt  to 
assess  the  quality  of  the  management  decisions  needed  to 
input  into  the  model.  Those  decisions  are:  (1)  the 

determination  of  an  acceptable  number  of  components  that 
pass  inspection  before  the  inspection  interval  can  be 
extended,  and  (2)  the  selection  of  the  confidence  level 
desired  in  the  results.  Those  decisions  are  built  into  the 
model  in  various  option  levels. 

Llmi tations 

The  major  limitation  in  this  study  is  that  the  sample 
of  engines  and  components  drawn  for  the  ACI  program  is  not 
drawn  randomly.  This  is  discussed  in  the  ‘Sample*  section. 
The  major  drawback  is  that  the  confidence  intervals 
developed  for  this  model  will  be  less  precise  than  those 
developed  had  the  sampling  been  done  randomly. 

Another  limitation  of  this  study  is  that  the  sample 
size  determination  is  completely  dependent  on  the  two 
management  decisions,  (1)  the  determination  of  an  acceptable 
number  of  components  that  pass  inspection  before  the 
inspection  interval  can  be  extended,  and  (2)  the  selection 
of  the  confidence  level  desired  in  the  results.  The  result 
of  these  decisions  can  significantly  change  the  resulting 
sample  size  answer  obtained  from  this  model.  Therefore,  a 
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manager  must  set  strict  criteria  from  the  outset  and  not 
change  that  criteria  due  to  new  developments. 

Assumptions 

Some  assumptions  basic  to  an  ACI  program  are  as 
f  ol lows : 

1.  Complete  engines  and  individual  engine  components 
are  inspected  in  an  ACI  program.  For  the  purposes  of  this 
study,  it  can  be  assumed  that  whenever  an  ACI  is  being 
discussed,  it  refers  to  engines  and  engine  components,  even 
if  not  stated  explicitly. 

2.  It  takes  a  specified  number  of  acceptable 
engines/components  to  pass  inspection  before  the  inspection 
interval  can  be  extended.  That  specified  number  is  not 
defined  here,  but  is  chosen  by  management. 

3.  If  that  specified  number  of  engines/components  pass 
inspection,  the  inspection  interval  is  extended  with  the 
assumption  that  the  inspected  engines/components  adequately 
represent  the  fleet. 

These  assumptions  underlie  the  methodology  chosen  and 
discussed  in  detail  in  the  following  chapter. 
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Methodology 


II . 

Overview 

This  chapter  describes  the  methodology  used  to 
accomplish  the  research  objectives  previously  stated.  The 
options  that  the  manager  can  choose  in  an  ACI  program  will 
be  grouped  into  discrete  levels  and  then  a  statistical 
analysis  will  be  used  to  determine  the  proper  sample  sizes 
for  those  levels  with  varying  levels  of  associated 
confidence.  This  analysis  will  then  be  presented  in  the 
form  of  a  simple  model  to  be  used  as  a  quick  reference  by 
the  manager  to  help  make  decisions  regarding  ACI  sample 
sizes.  This  chapter  describes  the  population  for  which  the 
model  is  designed,  the  assumptions  underlying  the  model,  and 
the  statistical  tests  and  computer  program  used  to  develop 
the  model . 

Population 

The  population  for  which  this  statistical  analysis  is 
designed  consists  of  each  fleet  of  new  USAF  jet  engines 
coming  into  the  inventory  which  will  require  a  LTF  program. 
Therefore,  there  is  not  one  specific  target  population,  but 
a  set  of  populations  which  will  range  in  size  depending  on 
the  specific  engine  program. 
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Sample 


The  samples  taken  from  each  population  will  not  be 
random  samples.  They  will  be  nonprobability,  purposive 
samples.  More  specifically,  they  will  be  judgment  samples, 
handpicked  to  conform  to  the  criteria  of  an  ACI  program.  By 
definition,  ACIs  are  performed  on  the  LTF-designated  engines 
or  on  non-LTF  high-time  engines.  These  engines  are 
purposefully  flown  under  accelerated  flying  schedules  to 
achieve  the  goals  of  the  LTF  program. 

LTF  programs  will  vary  in  size  from  engine  program  to 
engine  program.  Each  program  designates  a  specified  number 
of  the  first  operational  aircraft/engines  to  be  involved  in 
the  LTF  program.  Of  this  subset,  the  ACI  hardware  forms 
another  subset  composed  of  the  high-time  LTF  engines. 
(Sometimes,  components  that  are  not  LTF-designated  hardware 
are  chosen  for  ACIs  because  they  have  accrued  high  time.) 

For  example,  consider  a  new  engine  program  with  an  expected 
fleet  of  500  engines,  (500  engines  are  to  be  built).  Of 
that  fleet,  (population),  the  first  100  engines  are 
designated  LTF  engines.  Of  that  100  engines,  a  sample  of  10 
will  be  required  for  an  ACI  program. 

The  manner  in  which  ACI  engines  and  components  are 
chosen  is  actually  based  not  only  on  the  amount  of  hours 
accrued,  but  on  maintenance  convenience.  If  an  ACI  is 
underway  for  certain  components  nearing  the  500  engine 
operating  hours  (E0H)  mark,  a  component  with  471  EOH  being 
shipped  to  the  depot  for  other  maintenance  action  could  be 
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designated  then  as  an  ACI  candidate.  This  eliminates 
unnecessary  maintenance  actions  in  the  field  to  remove  other 
high  time  components  that  are  otherwise  operating  normally. 
Thus,  the  sample  of  engines  and  components  in  an  ACI  program 
is  not  drawn  randomly.  It  is  drawn  mainly  based  on  high 
time  criteria,  but  partially  based  on  maintenance 
convenience . 

Justi f ication  for  Assuming  a  Random  Sample 

Though  the  preceding  section  specifically  stated  that 
this  research  is  not  based  on  a  random  sample,  this  section 
will  justify  why  statistical  techniques  based  on  the 
assumption  of  a  random  sample,  will  be  used. 

First,  this  is  the  only  possible  method  of  sampling  due 
to  the  very  purpose  of  the  LTF/ACI  program.  That  purpose, 
again,  is  to  identify  failure  trends  in  engines  and 
components  before  the  problems  are  experienced  by  the  entire 
fleet.  Because  these  engines  are  the  first  out  of 
production  and  into  operation,  they  can  be  considered  the 
'worst  case  scenario'.  They  do  not  have  the  improvements 
often  developed  as  experience  is  gained.  The  biggest 
contributor  supporting  the  'worst  case  scenario’  is  that 
these  engines  are  flown  twice  the  normal  number  of  hours  per 
month  as  the  rest  of  the  fleet  in  order  to  gain  an 
inspection  lead  over  the  rest  of  the  fleet.  Therefore,  the 
sample  may  not  statistically  represent  the  average  fleet 
engine,  but  if  biased,  will  be  biased  towards  the  worst 
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case.  For  safety  of  flight  raaaoni ,  thia  bias  ia 
acceptable.  For  logistics  planning  rtaaona ,  thi8  bias  may 
prove  to  provide  more  costly  estimates.  It  is  assumed  for 
the  purpose  of  this  study,  however,  that  safety  of  flight 
considerations  are  more  important  than  logistical 
considerations,  ao  the  bias  ia  appropriate. 

Secondly,  while  these  engines  should  be  considered 
biased  towards  the  worst  case,  if  biased  at  all,  it  must  be 
remembered  that  the  LTF  engines  are  maintained  by  the  same 
standard  technical  data  as  the  entire  engine  fleet.  No 
special  maintenance  is  performed.  Also,  these  are 
production  engines  that  represent  the  fleet  at  the  time  of 
production . 

Lastly,  this  research  is  not  designed  to  replace 
management  and  determine  absolutely  the  sample  sizes 
required  for  each  LTF/ACI  program.  It  is  intended,  instead, 
as  a  tool  to  help  management  make  those  decisions  when  faced 
with  conflicting  engineering,  logistical,  and  operational 
inputs.  Sample  size  determinations  are  currently  based  on 
past  program  sample  sizes  and  engineering  estimates  agreed 
upon  by  experienced  engineers  but  not  based  on  any 
statistical  analysis.  This  research  is  intended  to  provide 
a  measure  of  the  relative  confidence  a  manager  can  place  in 
assuming  that  the  entire  fleet  will  reflect  this  sample,  or 
at  least  be  no  worse  than  it. 
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Data  Col lection 


Due  to  the  nature  of  this  research,  there  is  no  actual 
data  to  obtain.  The  data  needed  to  use  the  finished  model 
will  be  provided  by  each  manager  involved  in  an  ACI  program 
and  will  be  specific  to  that  program. 

Def initions 

The  following  definitions  will  be  used  in  this 
research : 

1.  The  acceptance  number,  a  *  the  number  of  components 
predefined  by  management  to  determine  an  adequate  number  of 
components  that  pass  inspection  before  the  inspection 
interval  can  be  extended. 

2.  n  *  the  sample  size  of  engines/components  in  the 
ACI  program. 

3.  p  -  the  proportion  of  ’successes*  in  the  sample 
size,  n;  p  *  Y/n  where  Y  equals  the  number  of  engines  that 
pass  the  inspection  or  are  a  'success*. 

Developing  the  Model 

The  actual  model  will  consist  of  summary  graphs  showing 
required  sample  sizes  to  ensure  varying  confidence  levels 
for  varying  levels  of  an  acceptance  number  of  components 
that  pass  inspection  and  within  specified  ranges  of  error. 
The  model  will  also  consist  of  backup  tables  showing  the 
data  in  more  detail.  In  this  way,  the  manager  of  a  dual¬ 
engine  aircraft  with  less  stringent  safety  requirements  than 
a  single-engine  aircraft  can  define  a  smaller  acceptable 


9 


number  then  does  the  manager  of  the  single-engine  aircraft. 
He/she  would  then  look  up  that  requirement  in  the  tables  and 
find  the  sample  sizes  required  for  various  confidence 
levels.  Those  confidence  levels  reflect  the  confidence  the 
manager  can  have  that  an  acceptable  number  of  the  remaining 
fleet  will  also  pass  inspection. 

In  this  model,  p,  the  proportion  of  engines  that  pass 
inspection,  represents  the  first  management  decision,  the 
determination  of  an  acceptable  number  of  components  that 
pass  inspection  before  the  inspection  interval  can  be 
extended.  The  manager  converts  that  acceptable  number  to  a 
proportion  by  dividing  by  the  total  number  in  the  sample,  n. 
Then  the  manager  can  choose  from  a  range  of  values  for  p. 

The  second  management  decision,  the  selection  of  the 
confidence  level  desired  in  the  results,  is  reflected  in  the 
tables  by  C.L.  (confidence  level).  The  manager  can  choose 
from  confidence  levels  ranging  from  55  to  95%. 

Seal istical ly ,  it  is  assumed  that  no  manager  would  select 
55%  confidence,  but  these  values  will  be  given  to  show 
comparisons.  The  actual  graphs  will  reflect  the  design  of 
Figure  1. 

Statistical  Analysis 

Because  humans  have  serious  performance  deficiencies  as 
intuitive  statisticians,  an  experienced  engineer's 
judgment  as  to  the  sample  size  required  for  an  ACI  program 
may  not  be  as  valid  as  his/her  judgment  on  other  technical 


10 


Figure  1.  Example  Graph 


issues  (13:284-298).  On*  of  th*  deficiencies  identified  by 
research  is  *  the  lack  of  intuitive  understanding  of  th* 
impact  of  sample  size  on  sampling  variance*  (2:248).  A 
study  by  Tversky  and  Kahneman  ’found  that  the  investigators 
did -not  seem  to  perceive  correctly  th*  error  and 
unreliability  inherent  in  small  samples.  Other  studies  with 
students  suggest  humans  do  not  understand  random  error 
effects  in  small  samples'  (2:248).  Th*  research  cited  only 
strengthens  the  argument  that  engineering  judgment  should  be 
supplemented  with  a  statistical  tool  to  measure  th*  value 
(gains  or  losses  in  prediction  accuracy  for  the  engine  fleet) 
associated  with  various  sample  sizes  in  an  ACI  program. 
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The  model  used  in  this  study  will  be  based  on  a 
binomial  probability  distribution  for  small  sample  sizes. 

It  is  binomial  because  each  element  can  be  considered  a 
success  or  failure;  i.e.,  the  component  passed  or  failed 
inspection.  Also,  when  the  sample  size  is  small,  the  normal 
approximation  does  not  apply  and  the  exact  binomial 
probabilities  are  used  to  calculate  confidence  intervals. 

The  assumptions  leading  to  the  binomial  distribution 

are : 

1.  The  ACIs  consist  of  n  inspections,  where  n  is  fixed 
in  advance  of  the  inspections. 

2.  The  inspections  are  identical,  and  each  inspection 
can  result  in  one  of  the  same  possible  outcomes,  either 
passing  (success)  or  failure. 

3.  The  inspections  are  independent,  so  that  the 
outcome  on  any  one  inspection  does  not  influence  the  outcome 
on  any  other  inspection. 

4.  The  probability  of  success  is  constant  from 
inspection  to  inspection. 

Computer  Program 

The  binomial  probability  distribution  has  been  modeled 
in  a  computer  program  written  by  Dr.  Donald  Marx  at  the 
School  of  Business,  University  of  Alaska.  This  program  will 
be  used  to  determine  the  sample  sizes  used  in  the  model. 

The  computer  program  uses  the  exact  binomial  probability 
equations  for  sample  sizes  less  than  120  and  the  normal 
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approximation  aquations  for  sample  sizes  greater  than  120. 
This  computer  program  will  be  presented  in  more  detail  in 
Chapter  IV. 

The  following  chapter  will  review  existing  literature 
on  LTF/ACI  programs  highlighting  past  LTF/ACI  programs  and 
the  purpose  of  these  programs. 
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Ill . 


Literature  Review 


Introduction 

In  February  1974  the  Air  Force  was  directed  by  the  DOD 
Planning  and  Programming  Guidance  Memorandum  for  FY76-80  to 
'implement  for  all  new  aircraft  entering  operating  service 
in  FY77  and  beyond  a  reliability-centered  maintenance  (RCM) 
strategy*  (12:1-9).  One  of  the  major  features  of  this  RCM 
strategy  is  a  Lead-The-Force  (LTF)  program. 

Topic  Statement 

This  literature  review  will  examine  the  concept  of  the 

Lead-The-Force/ Analytical  Condition  Inspection  program  as  it 

0 

relates  to  the  determination  of  sample  sizes  for  the  ACIs. 

Justi f ication 

One  of  the  major  elements  of  the  reliability-centered 
maintenance  program  is  the  analysis  of  wear  rates,  failure 
modes  and  causes,  and  their  effects  on  critical  engine 
components  (12:V-36).  A  Lead-The-Force  program  provides 
vital  information  for  that  analysis.  The  early 
identification  of  failure  trends  and  problem  areas  is 
'useful  for  workload  and  logistics  planning  [establishing 
inspection  and  maintenance  cycles],  improving  maintenance 
procedures,  testing  the  validity  of  parts’  life  limits,  and 
identifying  components  in  need  of  redesign’  (12:V-37). 
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Plan  of  Development 

This  review  will  first  describe  the  objectives  and 
guidelines  of  an  engine  LTF/ACI  program  as  presented  in  Air 
Force  manuals  and  organization-level  briefings  and  reports. 
It  will  then  present  past  and  current  LTF/ACI  programs 
including  problems  experienced  on  those  programs. 

Analysis  o f  the  Literature 

For  a  new  weapon  system  a  Lead-The-Force  program  and 
its  complement.  Analytical  Condition  Inspection  (ACI),  is  a 
program  that  subjects  the  first  or  selected  aircraft  and 
engines  out  of  production  to  an  inspection  program  that  will 
be  used  to  assess  the  entire  fleet. 

Purpose ■  The  major  purpose  of  a  LTF/ACI  program  is  to 
’identify  failure  trends  and  problems  in  engines  and  their 
components  before  the  problems  are  experienced  by  the  entire 
fleet"  (12:V-36).  LTF  programs  provide  early  intelligence 
on  engine  integrity,  reliability,  and  maintainability  and 
provide  engineering  and  procurement  lead  times  for  orderly 
updating  and  modification  of  the  engine  (5:1). 

The  objectives  that  must  be  met  for  a  LTF  program  to  be 
successful  are: 

-  to  identify  potential  premature  engine  component  wear 
rates  and  failures  by  early  analysis  of  trends/ f ai lure  rates 
and  to  assist  in  the  definition  of  corrective  action; 

-  to  assess  scheduled  inspection  and  maintenance 
requirements ; 
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-  to  rapidly  advance  engine  accessory  operating  hours 
consistent  with  the  capability  of  the  hardware; 

-  to  identify  potential  impacts  on  future  spares 
support ; 

-  to  identify  hardware  life  impacts  on  system  support 
cos  ts  (5:2). 

It  should  be  noted  here  that  LTF/ACIs  only  detect  chronic 
wear-out  failure  modes:  the  fleet  will  uncover  the 
statistically  remote  problems  (11:4). 

Key  Participants .  The  Aeronautical  Systems 
Division  (ASD)  at  Wright  Patterson  AFB ,  OH  has  the  overall 
responsibi 1 i ty  for  the  Lead-The-Force  engine  programs.  The 
using  commands  and  operating  bases  have  the  responsibilities 
of  operation,  maintenance,  and  data  reporting.  The  engine 
prime  depot  assigned  to  the  engine  program  is  responsible  to 
either  perform,  or  assist  the  contractor  in  performing,  the 
ACI3.  The  depot  also  has  repair,  support,  and  reporting 
responsibilities.  The  contractor  provides  engineering 
support  and  technical  reports  (5:5). 

Guidelines .  Some  basic  guidelines  for  a  LTF/ACI 
program  are  that  the  selected  engines  are  kept  as  complete 
units  wa th  minimum  parts  replacement,  maintenance  actions 
are  recorded,  and  the  engines  are  modified  in  accordance 
with  the  latest  Time  Compliance  Technical  Orders  (TCTOs)  and 
approved  Engineering  Change  Proposals  (ECPs)  (5:4).  Also, 
the  engines  are  operated  under  accelerated  flying  schedules 
of  at  least  twice  the  fleet  average,  and  receive  priority  in 
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maintenance  queues  at  all  levels  (12:V-37).  By  following 
these  guidelines  and  performing  ACIs ,  the  Air  Force  can 
determine  the  validity  of  parts'  life  limits  and  whether 
component  redesign  may  be  necessary  (12:V-37). 

ACIs .  Analytical  condition  inspections  requirements 
can  change  from  engine  program  to  engine  program.  Also, 
different  components  within  the  same  program  can  have 
different  ACI  requirements.  These  conditions  vary  and  are 
predicted  primarily  by  whether  a  multi-engine  or  single¬ 
engine  aircraft  is  involved.  Components  that  are  considered 
flight  or  safety  critical  have  stricter  requirements  than 
other  components.  For  this  study  it  is  not  necessary  to 
know  the  specific  ACI  requirements  for  each  component.  In 
general,  ACI  requirements  can  range  from  basic  recalibration 
of  a  component  to  identify  any  shifts  in  its  performance 
since  production  testing,  to  a  complete  teardown  of  a 
component  to  map  areas  of  excessive  wear  and  check  seal  and 
bearing  conditions.  The  inspection  criteria  is  defined  by 
the  program  engineers. 

ACIs  are  performed  at  different  engine  operating  hour 
(EOH)  intervals  for  different  components.  Examples  of 
initial  intervals  for  ACIs  are  500,  750,  and  1000  EOH. 

Again,  the  program  engineers  determine  the  initial  intervals 
and  the  subsequent  inspection  intervals. 

The  data  obtained  from  LTF/ACI  programs  is  primarily 
used  to  base  engineering  and  management  decisions  to  extend 
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the  inspection  intervals  for  the  fleet.  The  data  is  also 
used  to  identify  problems  with  current  maintenance 
practices,  limits,  and  overhaul  intervals  (12:V-38). 

The  concept  behind  the  LTF/ACI  program  is  that  a  sample 
of  engines  with  accelerated  operating  hours  can  represent 
the  future  status  of  the  entire  fleet.  This  is  not  to  say 
that  no  other  information  or  experience  is  used  to  make 
decisions  concerning  the  fleet.  There  is  a  wide  range  of 
other  information  available  to  the  manager  in  the  form  of 
development  test  data,  flight  test  data,  and  other  engine 
program  experience.  However,  the  LTF/ACI  program  provides 
the  first  information  on  actual  operational  experience  for 
that  specific  new  engine.  It  is,  therefore,  a  heavily 
weighted  source  of  information,  and  the  methods  used  to 
apply  that  information  are  equally  important.  This  is  the 
reason  that  sample  size  determination  for  the  ACIs  should  be 
based  on  a  statistical  analysis.  Then  if  a  small  sample 
size  is  chosen  due  to  logistical  or  operational  support 
problems,  the  manager  can  determine  the  level  of  confidence 
he/she  can  apply  to  the  data  from  the  ACI  program.  The 
manager  may  find  that  it  is  necessary  to  obtain  more 
substantial  data  from  other  sources  to  justify  certain 
decisions.  On  the  other  hand,  the  manager  may  find  that  the 
number  of  inspections  can  be  reduced  with  little  impact  on 
the  level  of  confidence,  saving  cost  and  time. 


Past  and  Current  LTF/ACI  Programs.  As  stated  in  the 


introduction,  in  1974  the  Air  Force  was  directed  by  the  DOD 
Planning  and  Programming  Guidance  Memorandum  for  FY76-80  to 
‘implement  for  all  new  aircraft  entering  operating  service 
in  FY77  and  beyond  a  reliability-centered  maintenance  (RCM) 
strategy'  (12:1-9).  One  of  the  major  features  of  this  RCM 
strategy  is  a  Lead- the-Force  program.  Lead- the-Force 
programs  are  outlined  in  AFR  66-28,  * Lead-The-Force 
Programs*.  Since  1977,  the  following  programs  have 
implemented  a  LTF/ACI  program:  the  F100-PW-100  and  F100- 
PW-200  engine  programs  for  the  original  F15s  and  F16s, 
respectively,  the  F110-GE-100  and  F100*-PW-220  engine 
programs  that  will  update  the  F15s  and  F16s,  the  F110-GE- 
129  and  F100-PW-229  engines,  improved  versions  of  the  FI  10- 
GE-100  and  F100-PW-220  still  in  the  development  phase,  the 
F101-GE-102  engine  in  the  B-1B,  and  the  ATF  program  which 
will  be  developing  a  LTF/ACI  program  as  it  advances.  From 
this  list  it  is  clear  to  see  that  only  two  contractors  to 
date  have  experience  with  a  LTF/ACI  program,  those  being 
Pratt  and  Whitney  Aircraft  Engine  Company  and  General 
Electric  Company,  Aircraft  Engine  Business  Group.  Of  those 
engines  listed,  only  the  FlOO-PW-lOOs  and  -200s  have 
actually  completed  their  LTF/ACI  programs.  The  F100-GE- 
100,  F100-PW-220,  and  F101-GE-102  LTF/ACI  programs  are 
currently  underway. 

According  to  Henry  Ibarra,  author  of  the  original  ACI 
plan  and  the  majority  of  follow-on  documentation,  the 
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limited  amount  of  experience  with  these  LTF/ACI  programs  has 
been  beneficial  (4).  The  initial  ACI  inspection  done  at  250 
hours  on  the  F100-PW-100  program  found  several  problems  that 
were  to  become  significant  later.  They  found  exceptional 
wear  on  the  *4  bearing  knife  edge  seals,  distressed  (burnt) 
augmentor  liners  ('screech  liners')  and  distress  of  the 
nozzle  convergent  and  divergent  seals  and  flaps  (4).  The 
discovery  of  these  conditions  early-on  allowed  corrective 
action  to  be  taken  for  the  entire  fleet,  thus  preventing  any 
possible  premature  engine  failures  due  to  these  defects.  It 
should  be  stressed  here  that  these  conditions  were  found 
once  the  system  went  operational;  development  tests  and 
accelerated  engine  testing  were  not  enough  to  make  the 
problem  apparent. 

Presented  as  an  example.  Table  X  shows  the  actual  F100- 
PW-100  experience  on  several  components  in  its  ACI  program  (1:2). 

Table  I.  F100-PW-100  Experience  on  Several  ACI  Components 
COMPONENT _ INITIAL  MOH  CURRENT  MOH  MATURE  MOH 


Main  Fuel  Pump 

300 

1000 

800 

Hydraulic  Pump 

300 

900 

2000 

Unified  Fuel  Ctl 

300 

1500 

4000 

Tt2.5  Sensor 

300 

3000 

4000 

-MOH  Maximum  Operating  Hours  (1:2) 

This  table  shows  how  the  ACI  program  enabled  the 
replacement  schedule  in  the  aircraft  technical  order  to  be 
grown  ahead  of  the  fleet.  When  a  replacement  schedule  is 
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‘grown’  ahead  of  the  fleet,  replacement  dates  are  pushed 
further  away  from  original  dates,  delaying  the  eventual 
replacement  of  components.  The  replacement  schedule 
initially  designated  these  components  to  be  replaced  every 
300  engine  operating  hours.  The  purpose  of  the  ACI  program 
is  to  inspect  the  LTF/ACI  hardware  (which  have  twice  as  many 
engine  operating  hours  as  the  rest  of  the  fleet)  and 
Increase  the  replacement  schedules  of  that  hardware  which 
has  passed  the  inspection.  The  T.O.  is  then  updated  to 
reflect  the  new  schedules;  this  allows  the  rest  of  the  fleet 
to  continue  uninterrupted  flying  past  that  old  inspection 
interval.  Concurrently,  action  is  taken  to  alert  the  prime 
Air  Logistics  Center  (ALC)  inventory  manager  to  adjust 
replacement  factors  of  spare  parts.  Table  I  shows  the 
current  F100  replacement  schedule  and  the  mature  replacement 
schedule  the  program  hopes  to  reach.  The  mature  schedule  is 
based  on  the  engine  speci f ications  (5:4).  In  general,  the 
specification  calls  for  2000  engine  operating  hours  if  the 
component  is  a  ’hot*  part  meaning  hot  fluids  or  gases  pass 
through  or  around  it,  and  4000  engine  operating  hours  if  the 
component  is  a  ’cold*  part. 

As  Table  I  shows,  not  all  components  grow  at  the  same 
rate.  The  more  critical  the  component,  the  slower  the 
growth  generally.  Also,  each  engine  program  manager  designs 
tailored  ACI  schedules.  For  example,  the  initial  ACI 
schedule  for  the  FI  10  engine  was  more  conservative  (had 
shorter  inspection  intervals)  for  some  components  compared 
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to  the  F100  due  to  the  fact  that  the  FI  10  has  a  single- 
engine  (F18)  application,  whereas  the  F100  has  a  dual-engine 
(F15)  application  (1:5). 

Problems  Faced  in  an  ACT  Program.  There  are  several 
problems  faced  in  an  ACT  Program.  One  problem  is  that 
engine  controls  and  accessories  cannot  be  kept  with  any  one 
specific  engine.  The  engine  ACIs  become  a  complex  issue 
because  the  controls  and  accessories  (C&A)  on  the  engines 
are  changed  out  so  frequently.  Previously,  it  was  stated 
that  a  basic  guideline  is  to  keep  the  engine  as  a  complete 
unit.  Unfortunately,  the  maintenance  crews  must  also  keep 
the  aircraft  flying  twice  the  normal  number  of  hours  for 
the  fleet.  To  do  that,  maintenance  crews  must  sometimes 
remove  two  or  three  controls  and/or  accessories  at  one  time 
to  ensure  solving  an  immediate  problem  and  send  the 
aircraft  out  in  time  for  its  next  mission.  C&A  can  spend 
months  in  the  repair  cycle  since  they  must  be  shipped  back 
to  the  vendors  and,  there,  compete  for  test  benches  with 
needed  production  units.  Because  the  engine  controls  and’ 
accessories  do  not  usually  stay  with  their  original  engine 
they  are  treated  separately  in  ACI  programs. 

The  general  plan  is  to  use  the  C&A  on  the  LTF-designated 
engines;  however,  it  should  be  recognized  that  since  *in  the 
early  stages  of  field  introduction,  the  designated  LTF 
engines/components  will  not  be  able  to  accrue  sufficient 
exposure  to  place  them  significantly  ahead  of  the  fleet, 
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high  time,  non-LTF  engines/components  should  be  selected  for 
ACIs*  (8:5).  (Controls  and  accessories  are  tracked 
individually  by  serial  number  under  OEMS  (Combined  Engine 
Maintenance  System) ,  thus  the  operating  times  for  each 
component  are  available.) 

The  fact  that  the  controls  and  accessories  do  not 
remain  with  any  one  engine  is  only  one  problem.  The  major 
problems  experienced  on  ACI  programs  have  been  the 
availability  of  replacement  components  (spare  parts)  as  the 
inspection  intervals  are  encountered  and  also  the  component 
vendors’  capabilities  to  support  the  effort.  The  issue  of 
spare  parts  is  one  that  can  be  avoided  if  parts  support  for 
the  ACI  program  is  integrated  into  the  production  plan  from 
the  beginning.  If  a  program  reaches  the  first  inspection 
intervals  and  spare  parts  are  not  available,  there  is  a 
problem.  If  the  depot  cannot  provide  parts  support,  parts 
are  borrowed  from  flight  test  spare  parts,  the  CIP  program, 
or  the  engine  production  line;  however,  the  original  ACI 
plan  is  usually  altered  to  reflect  the  limited  resources. 

The  same  result  occurs  when  the  component  vendors  have 
limited  capabilities  to  support  the  ACI  program.  The 
problem  is  that  the  vendors  must  continue  producing 
components  to  keep  up  with  the  production  schedule,  yet  the 
initial  inspection  interval  has  been  reached  so  components 
are  being  shipped  to  the  vendors  for  inspection  at  the  same 
time.  Testing  equipment  and  personnel  that  are  assigned  to 
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production  hardware  must  now  be  used  for  ACI  inspections. 

This  is  a  problem  that  can  also  be  avoided  if  the  ACI 
program  is  planned  out  early  in  the  development  program. 
However,  due  to  the  limited  experience  with  these  programs, 
the  AF  and  the  contractors  are  still  in  the  learning  stages. 

Currently,  the  F110-GE-100  engine  program  at  ASD  is 
experiencing  both  a  shortage  of  spare  parts  and  concerns 
about  vendors'  capabilities  to  support  the  ACI  effort 
(10:4).  Because  of  these  concerns,  negotiations  are  being 
made  over  the  numbers  of  each  component  that  can  be 
inspected  and  at  what  intervals  those  inspections  can  be 
supported.  This  study  was  prompted  by  the  problems 
experienced  on  this  program. 

Components  Inspected  in  an  ACI  Program.  Each  engine 
program  manager  must  tailor  the  ACI  program  to  meet  the 
program's  needs.  There  are,  however,  many  similarities 
between  the  ACI  programs  to  date.  This  is  due  to  the  fact 
that  only  two  contractors  have  taken  part  in  the  ACI 
programs  and  because  for  each  contractor,  the  engines 
involved  so  far  have  been  derivative  engines  built  upon  a 
basic  engine  but  with  improved  capabilities  in  each  new 
generation . 

As  a  consequence  of  this,  the  components  to  be 
inspected  in  the  ACI  programs  remain  similar  in  number  and 
type  from  program  to  program.  For  instance,  very  similar 
lists  of  components  would  be  found  in  the  F100-PW-100  and  -200 
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programs,  as  well  as  in  the  F110-GE-100  and  -129 
programs.  Table  II  will  give  the  reader  a  basic  feel  for 
the  number  and  types  of  components  involved  in  ACI  programs 
currently  underway. 

Table  II.  F110-GE-100  Controls  and  Accessories 

Addressed  in  ACI  Program 


Main  Fuel  Pump 

Main  Engine  Control 

Augmentor  Fuel  Pump 

Lube  and  Scavenge  Pump 

AS  Hydraulic  Pump 

Fuel  Boost  Pump 

Augmentor  Fuel  Control 

Engine  Monitoring  System  Control 

Fan  Speed  Sensor 

Generator,  Rotor/Stator 

Lube  Temperature  Sensor 

Oil  Pressure  Transmitter 

Fuel/Oil  Cooler 

Hydraulic  Heat  Exchanger 

T2  Sensor 

Lube  Tank 

Augmentor  Fuel  Temperature  Control 

Engine  Monitoring  Systems  Processor 

Main  Ignitors 

Augmentor  Ignitor 

IGV  Actuator 

VSV  Actuator 

AS  Actuators 

Anti-Ice  Valve 

T25  Sensor 

Ignition  Exciter 

T4B  Pyrometer 


(1:6) 
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Summary 


This  literature  review  examined  the  concept  of  the 
Lead-The-Force/Analytical  Condition  Inspection  program  as  it 
relates  to  the  determination  of  sample  sizes  for  ACIs.  The 
review  identified  the  purpose  for  a  LTF/ACI  program,  who  the 
key  participants  are,  and  some  guidelines  to  be  followed 
when  implementing  LTF/ACI  programs.  It  also  presented  a 
history  of  the  past  and  current  LTF/ACI  programs  and  looked 
at  the  most  common  problems  encountered  in  these  programs. 
Lastly,  the  literature  review  presents  as  an  example,  a 
listing  of  components  actually  inspected  in  one  ACI  program 
to  give  the  reader  a  basic  understanding  of  what  components 
are  involved. 

Several  main  points  stand  out  in  this  review.  First, 
the  major  purpose  of  a  LTF/ACI  program  is  to  identify 
problems  in  new  engines  and  components  oefore  the  fleet 
experiences  them.  The  information  provided  in  a  LTF/ACI 
program  is  used  to  increase  flight  safety  and  provide  lead 
times  for  engineering  changes  and  spare  parts  procurement. 

Second,  because  it  is  difficult  to  determine  parts 
conditions  and  which  parts  will  require  replacement  before 
the  ACI  begins,  acquisition  of  replacement  parts  for  the 
initial  ACIs  is  sometimes  difficult.  In  some  instances 
parts  have  been  borrowed  from  the  engine  production  line, 
flight  teat  spare  parts,  and  the  CIP  program  in  order  to 
expedite  return  of  LTF  engines  back  to  the  field.  Other 
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times,  the  actual  number  of  ACI  inspections  has  been 
reduced . 

Third,  the  concept  behind  the  LTF/ACI  program  is  that 
a  sample  of  engines  can  be  used  to  represent  the  entire 
fleet.  Due  to  the  logistical  planning  factors  and  flight 
safety  decisions  that  are  based  on  the  ACI  results,  poor  up¬ 
front  sample  size  determination  or  poor  ACI  sample  sizes 
resulting  from  logistical  problems  encountered  during  the 
program  can  lead  to  greater  costs  and  logistical  problems  in 
the  long  run. 
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IV.  Findings  and  Analysis 


Statistics 

Binomial  Probability  Distribution .  During  an  AC I 
program,  anginas  and/or  components  ara  inspected  by  a  team 
of  engineers  and  determined  to  pass  or  fail  the  inspection. 
Program  management  presets  a  required  acceptance  level  for 
the  proportion  of  engines  that  must  pass  inspection  before 
the  inspection  interval  can  be  extended  for  the  rest  of  the 
fleet.  The  inspection  process,  therefore,  meets  the 
requirements  for  a  binomial  experiment.  The  requirements 
for  a  binomial  experiment  are  the  following: 

1.  the  experiment  consists  of  n  trials  (inspections), 
where  n  is  preset  by  program  management; 

2.  the  trials  (inspections)  are  identical  and  each 
trial  (inspection)  can  result  in  one  of  the  same  two 
possible  outcomes,  either  success  (passing  inspection)  or 
failure ; 

3.  the  trials  (inspections)  are  independent  so  that 
the  outcome  on  any  particular  trial  (inspection)  does  not 
influence  the  outcome  on  any  other  trial  (inspection); 

4.  the  probability  of  success  (passing)  is  constant 
from  trial  to  trial  (or  inspection  to  inspection)  (3:98). 

Given  a  binomial  experiment  consisting  of  n  trials, 
there  is  a  binomial  random  variable,  Y,  defined  as  the 
number  of  successes  among  the  n  trials  (3:98).  Texts  u f* 
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1 


the  notation  Y~Bin(n,p)  to  indicate  that  the  binomial 
random  variable  depends  on  two  parameters,  the  n  trials  with 
probability  p  (3:100).  The  binomial  probability 
distribution  is  denoted  by 

b(y:n,p)  *  number  of  ways  of  probability  of 

choosing  y  of  the  n  X  any  such 
trials  to  be  successes  outcome  (1) 


or , 

b  (y  :  n  ,  p) 


y  n-y 

s  |  nj  p  (1-p) 


y  =  0,1,2.  ...n 


0  otherwise  (3:102)  (2) 

(Note:  Most  texts  use  the  variable  *x*  instead  of  ‘y*. 

The  variable,  "Y*.  is  used  here,  however,  to  remain 
consistent  with  notation  in  the  computer  program  used  in 
this  study  to  generate  exact  binomial  probabilities  and  the 
associated  confidence  intervals.) 

'Even  for  a  relatively  small  value  of  n,  the 
computation  of  binomial  probabilities  can  be  tedious* 
(3:102).  This  is  due  partly  to  the  combination,  ^nj  ,  in 
the  computation  of  binomial  probabilities.  A  combination  is 
defined  as  follows: 


n \  _nj _ 

yj  -  y!  (n-y)  !  (3:50)  (3) 


Another  factor  adding  to  the  tediousness  of  computing 

binomial  probabilities  is  the  fact  that  the  next  two 

y  n-y 

factors  in  the  formula  are  raised  to  powers,  p  (1-p) 

If  n  is  sufficiently  large,  the  Central  Limit  Theorem 
can  be  used  to  approximate  the  binomial  distribution  and 
relieve  the  difficulty  found  in  the  binomial  distribution 


29 


computations.  It  is  not  necessary  to  review  the  Central 
Limit  Theorem  in  this  study,  except  to  say  that  for  large 
sample  sizes  the  calculations  for  approximating  the  binomial 
probabilities  become  significantly  easier.  Those 
approximations  can  be  used  if  both  np  >  =  S  and 
n(l-p)  >=  5  to  ensure  that  n  is  large  enough  for  the 
Central  Limit  Theorem  to  be  accurate. 

The  problem  faced  in  an  ACI  program  is  that  the  sample 
sizes  considered  are  too  small  to  apply  the  Central  Limit 
Theorem.  After  extensive  research  to  find  information  on 
small  sample  binomial  statistics  for  this  study,  only  one 
source  was  found  that  provided  exact  confidence  bounds 
calculations  for  sample  sizes  from  1  to  30.  Dr.  Donald 
Marx,  Associate  Professor  of  Quantitative  Methods  at  the 
School  of  Business  and  Public  Affairs  at  the  University  of 
Alaska  has  done  much  research  in  this  area  and  published  a 
paper  that  appeared  in  Computer  Science  and  Statistics : 
Proceedings  of  the  18th  Symposium  on  the  Interface .  His 
paper,  titled  ‘Exact  Confidence  Bounds  for  Proportions' 
discusses  past  research  done  for  proportions  (number  of 
successes  in  n  trials)  using  the  binomial  distribution. 

Also  presented  in  his  paper  is  a  BASIC  computer  program  for 
constructing  exact  confidence  bounds;  his  program  was  used 
extensively  in  this  study  and  will  be  discussed  more 
thoroughly  later.  The  following  comments  come  from  Dr. 
Marx's  research.  In  the  past,  charts  and  tables  have  been 
available  for  constructing  confidence  interval  estimates  for 
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binomial  distributions.  Typical  charts,  like  those 
available  in  Pearson  and  Hartley  (1976)  (see  Appendix  A), 
present  two  confidence  levels  (95%  and  99%)  and  sample  sizes 
from  8  to  1000.  ‘Confidence  bounds  were  constructed  by 
calculating  sufficient  points  using  the  cumulative  binomial 
distribution  function,  F(y;n,p)  =  constant,  to  draw  smooth 
curves  for  the  upper  (UB)  and  lower  (LB)  bounds  when  y 
'successes’  are  observed  in  a  sample  of  size  n*  (7:386). 

The  authors  state,  ‘The  charts  cannot  and  are  not  intended 
to  provide  very  precise  readings.  Although  graphical 
interpolation  can  be  used  to  approximate  bounds  for  sample 
sizes  greater  than  eight  that  are  not  explicitly  included  in 
the  charts,  there  is  no  way  to  use  the  charts  for  sample 
sizes  less  than  eight*  (7:386).  Dr.  Marx's  program  uses  the 
exact  binomial  distribution  and  is  valid  for  as  small  of  a 
sample  size  as  one. 

Statistics  Def initions .  It  is  important  to  define 
several  statistical  terms  here  and  explain  them  in  the 
context  of  an  ACI  program.  As  previously  noted,  the  sample 
size,  n,  (also  denoted  in  this  study  as  N%  for  BASIC 
programming  reasons) ,  is  equivalent  to  the  number  of 
engine/component  inspections  predetermined  by  program 
management  and  engineering  to  be  completed  in  the  ACI 
program. 

Y,  (also  denoted  later  in  this  study  as  Y%  for  BASIC 
programming  reasons) ,  is  the  number  of  'successes’  or 
engines/components  passing  inspection  in  the  ACI  sample. 
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A  point  estimate  for  a  proportion,  p,  is  a  single  value 
based  on  a  sample  of  observations  which  we  feel  is  the  best 
possible  approximation  of  the  true  value  of  the  population 
proportion  (6:134).  The  point  estimate  of  a  proportion, 
also  called  the  sample  proportion,  is  the  number  of 
successes  over  the  sample  size,  p  *  T/n.  In  terms  of  an 
ACI ,  the  population  proportion  is  that  proportion  of  engines 
in  the  entire  fleet  which  would  actually  pass  inspection. 
This  is  the  value  that  the  manager  does  not  know;  by 
inspecting  a  sample  of  engines  the  manager  seeks  to 
determine  an  estimate  of  that  population  proportion  in  order 
to  justify  making  the  decision  to  extend,  or  not  extend,  the 
inspection  interval.  The  point  estimate  is  the  estimate  on 
which  the  manager  will  base  his/her  decision.  This  estimate 
must  therefore  be  made  with  minimum  error  and  an  adequate 
level  of  confidence.  In  other  words,  we  would  like  to  know 
how  close  the  estimate  is  to  the  true  population  proportion. 

Making  the  estimate  with  minimum  error  and  an  adequate 
level  of  confidence  implies  that  we  would  like  to  ‘state 
with  a  certain  'probability'  that  it  is  'within  a  particular 
distance*  of  the  parameter  [proportion].  Such  an  estimate 
is  referred  to  as  an  'interval  estimate',  an  interval  of 
values  within  which  we  can  state  with  a  certain  degree  of 
confidence  (i.e.  probability)  that  the  parameter  falls’ 
(6:136).  This  interval  estimate  is  called  the  confidence 
interval  and  the  endpoints  of  the  interval  are  called  the 
confidence  bounds,  or  lower  (LB)  and  upper  (UB)  bound.  The 
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confidence  level  is  the  degree  of  confidence  or  probability 
that  the  true  population  proportion  falls  within  the 
confidence  interval.  For  example,  suppose  a  confidence 
interval  for  the  proportion  of  engines  that  pass  inspection 
extends  from  .85  to  .95  and  the  associated  confidence  level 
is  95%.  Then  we  are  95%  confident  that  the  proportion  of 
engines  that  pass  inspection  in  the  entire  fleet  is  between 
.85  and  .95.  Another  way  to  look  at  it  is  that  we  are 
almost  positive  (95%  confident)  that  between  85  and  95 
engines  will  pass  inspection  in  a  fleet  of  100.  This 
information  will  be  extremely  valuable  in  logistics  planning 
and  safety  of  flight  considerations. 

Closely  related  to  the  concept  of  the  confidence 
interval  is  the  concept  of  error,  E.  Error,  as  defined  for 
this  study,  is  the  amount  added  to  and  subtracted  from  the 
estimated  proportion.  For  example,  a  sample  size  of  10  with 
a  proportion  of  .8  and  an  associated  error  of  E*+/-.l  would 
cover  the  interval  from  .7  to  .9.  Think  of  the  magnitude  of 
E  as  specifying  the  precision  or  accuracy  associated  with 
the  point  estimate  of  the  proportion  and  the  given  sample 
size.  The  smaller  the  interval,  the  more  precise  the 
estimate  of  the  proportion  is;  therefore,  the  error,  or 
precision,  is  inversely  related  to  the  confidence  level  or 
reliability  of  the  interval  (3:256).  We  have  more 
confidence  in  an  interval  that  is  long  and  less  confidence 
in  an  interval  that  is  very  short  or  precise.  If  the 
manager  presets  the  maximum  allowable  error  desired  and  the 
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confidence  level  he/she  wants  to  attain,  then  the  sample 
size,  n,  necessary  to  ensure  an  interval  of  length  E  and 
confidence  level,  C.L.,  can  be  computed. 

Assumptions 

As  stated  already,  the  manager  should  preset  the 
proportion  of  engines  that  is  required  to  pass  inspection 
before  the  inspection  interval  can  be  extended.  Due  to  the 
nature  of  ACIs ,  typical  proportions  that  managers  will 
preset  range  from  .8  to  1.00.  In  other  words ,  some  managers 
will  determine  that  at  least  80%  of  the  engines  must  pass 
inspection  before  the  inspection  interval  can  be  extended. 
For  comparison  purposes,  this  study  will  look  at  proportions 
ranging  from  .7  to  1.00.  More  emphasis,  however,  will  be 
place  on  the  upper  end  of  the  range  enabling  managers  to  set 
the  highest  standards  they  feel  are  realistic  and 
supportable . 

While  not  an  assumption,  another  point  to  be  recognized 
is  the  discreteness  associated  with  proportions.  Because 
proportions  are  defined  as  the  number  of  successes,  Y,  per 
sample  size,  n,  the  range  of  possible  proportions  is  not 
continuous.  This  is  especially  important  for  small  sample 
sizes  where  the  number  of  proportions  is  limited.  For 
example,  a  sample  size  of  3  can  have  1,  2,  or  3  successes  or 
proportions  of  .33,  .807,  or  1.00.  A  sample  size  of  4  can 

only  have  1-4  successes ,  or  proportions  of  .25,  .50,  .75, 

and  1.00.  This  discreteness  effect  makes  comparisons  of 
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equal  proportions  for  varying  sample  sizes  impossible  in 
many  cases.  This  will  be  discussed  further  in  the  section 
'Implications  as  a  Management  Tool*. 

The  next  assumption  made  for  this  study  is  that 
managers  would  like  to  minimize  error  and  maximize 
confidence  levels.  If  the  confidence  level  is  high  and  the 
error  is  small,  the  manager  has  reasonably  precise  knowledge 
of  the  parameter's  value  (3:250).  Since  the  two  concepts 
are  inversely  related,  a  tradeoff  must  be  made.  For  the 
purposes  of  this  study,  errors  no  greater  than  +/-.175  are 
presented;  though  errors  of  +/-.175  are  not  expected  to  be 
used  as  an  actual  standard  set  by  managers,  they  are 
presented  for  comparison  purposes.  For  the  same  comparison 
purposes ,  confidence  levels  as  low  as  55%  are  presented; 
again,  managers  are  not  expected  to  choose  this  low  level  of 
conf idence . 

The  last  assumption  made  is  that  the  lower  confidence 
bound  is  more  critical  for  this  study  than  the  upper 
confidence  bound.  While  both  bounds  are  used  throughout  the 
calculations,  only  the  lower  bounds  are  used  to  graph 
comparisons  between  sample  sizes  and  confidence  limits  for 
varying  levels  of  error.  The  reason  this  study  concentrates 
more  on  the  lower  bound  is  that  the  lower  bound  represents 
the  minimum  that  the  manager  can  expect  the  proportion  of 
the  entire  fleet  of  engines  that  pass  inspection  to  be.  For 
planning  purposes,  the  minimum  number  of  engines  that  will 
pass  inspection  is  more  critical  than  the  maximum  number  of 


35 


engines  that  will  pass  inspection.  However,  it  should  be 
remembered  that  both  the  upper  and  lower  bounds  are  used 
throughout  the  study  except  for  the  graphs. 

Exact  Confidence  Bounds  f or  Proportions  Program 

As  stated  already,  this  program  was  written  by  Dr. 
Donald  Marx  from  the  School  of  Business  and  Public  Affairs 
at  the  University  of  Alaska.  The  program  was  presented  in 
the  paper,  'Exact  Confidence  Bounds  for  Proportions,*  which 
appeared  in  Computer  Science  and  Statistics :  Proceedings  of 
the  18th  Symposium  on  the  Inter f ace  in  March  1986.  The 
program  asks  the  user  to  input  sample  size,  NX,  the  number 
of  successes,  YX ,  the  desired  confidence  level,  C.L.,  and 
whether  the  user  wants  a  symmetric  confidence  interval  or  a 
one-sided  interval.  Then  the  program  computes  and  displays 
the  point  estimate  of  the  population  proportion,  the 
standard  error  of  the  estimate,  and  the  exact  lower  and/or 
upper  bounds.  As  also  stated  in  the  'Statistics*  section, 
the  program  is  based  on  the  exact  binomial  distribution,  not 
an  approximation  method.  The  formulation  involves  Taylor 
Series  expansions,  factorials,  and  iterative  formulas  which 
necessitated  the  computer  algorithm  for  implementing  the 
exact  procedure  (7:386).  Marx’s  program  computes  the 
confidence  bounds  within  .00001  accuracy  for  specified 
confidence  levels  from  51%  to  99.99%  and  samples  of  up  to 
126  (7:387).  Larger  sample  sizes  can  be  input  into  the 
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program  but  the  accuracy  cannot  be  guaranteed;  the  normal 
approximation  is  the  bound  on  the  accuracy  (7:387). 


Program  Modi f ication 

Dr.  Marx’s  program  had  to  be  tailored  to  fit  this 
study.  First  of  all,  while  it  directly  computes  exact 
confidence  bounds,  it  only  does  so  for  one  set  of  conditions 
(sample  size,  number  of  successes ,  and  desired  confidence 
level)  at  a  time.  This  research  looks  at  sample  sizes  from 
1  to  30  by  one,  30  to  50  by  5,  50  to  100  by  10,  and  100  to 
400  by  100  with  the  corresponding  number  of  successes  and 
confidence  levels  from  55  to  95X  by  10.  To  process  all 
these  points,  loops  were  added  to  Dr.  Marx's  program  for  NX, 
the  sample  size,  YX ,  the  number  of  successes,  and  C.L.,  the 
confidence  level.  Also,  to  record  the  confidence  bounds  for 
each  condition,  statements  were  added  to  write  the  bounds 
and  the  associated  conditions  to  an  output  file  that  could 
be  input  into  a  spreadsheet. 

Once  the  program  was  modified,  it  was  verified  to  still 
be  accurate.  Over  two  hundred  data  points  were  cross- 
referenced  to  ensure  that  modifying  the  program  did  not 
change  any  logic  within  the  program.  Both  programs,  the 
original  and  the  modified,  are  included  in  Appendix  D. 

Once  the  data  was  computed  using  Dr.  Marx’s  program,  a 
spreadsheet  program  (VP  Planner)  was  used  to  find  which 
conditions  (sample  sizes,  number  of  successes,  and 
confidence  levels)  produced  bounds  within  specified  error 
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ranges.  Using  data  query  commands,  those  conditions  whose 
upper  and  lower  confidence  bounds  fell  within  an  error  range 
of  +/-.1,  +/-.15,  and  +/-.175  were  found.  These  ranges  are 
used  to  compare  the  confidence  levels  that  can  be  attained 
for  different  sample  sizes.  The  purpose  is  to  show  the 
gains  (or  losses)  associated  with  inspecting  X  more  (or 
less)  engines  in  an  ACI  program  by  showing  how  much 
confidence  can  be  gained  (or  lost)  with  that  increase  or 
decrease  in  inspection.  Doing  this  will  provide  the  manager 
with  a  measurement  tool  against  which  to  measure  logistical , 
engineering,  and  cost  conflicts  in  choosing  the  proper 
number  of  engines  to  inspect. 

Once  the  data  was  tabulated,  graphs  were  developed  to 
show  at  a  glance  the  gains  available  with  each  additional 
engine  inspection.  Consider  for  example  a  manager  who 
originally  determines  that  100%  of  the  ACI  engines  must  pass 
inspection  with  a  maximum  allowable  error  of  +/-10%  before 
the  inspection  interval  can  be  extended.  That  manager  can 
use  the  graphs  to  determine  an  appropriate  sample  size. 

From  the  graphs,  the  highest  possible  confidence  level 
attained  for  a  sample  size  of  10  is  05%.  Now  the  manager  is 
faced  with  a  decision  to  reduce  that  sample  size  to  8  or 
cause  major  logistical  problems.  By  using  the  graphs  the 
manager  can  see  that  a  10%  loss  in  confidence  results  from 
reducing  the  sample  size.  The  manager  has  only  55% 
confidence  now  that  the  rest  of  the  fleet  will  reflect  the 
ACI  sample. 
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Modi f led  Program  Limitations 


Because  the  program  was  specifically  tailored  for  this 
study,  the  modified  program  has  certain  limitations  that 
should  be  known  by  anyone  attempting  to  use  it  for  another 
purpose.  First  of  all,  because  loops  define  the  values  for 
sample  size,  N% ,  the  number  of  successes,  YX ,  and  the 
confidence  level,  C.L.,  the  module  for  YX  -  0  is  never 
invoked  and  was  ignored  in  the  modification.  It  is  unknown 
if  inputting  YX  *  0  in  the  program  would  cause  any  problems 
in  that  module.  Also,  the  model  no  longer  tells  the  user 
when  the  sample  size  is  too  large  or  the  sample  proportion 
is  too  near  1/2  to  compute  the  exact  binomial  distribution. 
This  was  a  possibility  in  the  original  problem  when  the 
sample  size  was  greater  than  126.  For  this  study,  it  is  not 
necessary  to  know  this  information  since  the  cost  of 
sampling  126  engines/components  is  far  too  prohibitive  to 
consider  doing.  Normal  approximations  that  may  be  invoked 
past  n  =  126  are  accurate  to  two  decimal  places  which  is 
accurate  enough  for  this  study.  The  emphasis  in  this  study 
is  placed  on  accuracy  for  small  sample  sizes.  Only  readers 
planning  to  use  this  modified  version  need  to  be  concerned 
with  these  limitations;  the  limitations  have  no  consequences 
in  this  study. 

Data  Analysis 

As  stated  previously,  the  data  created  with  Dr.  Marx’s 
program  was  input  into  a  spreadsheet  program  (VP  Planner) . 
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Using  the  spreadsheet  program,  the  data  was  put  into  tables 
of  six  columns:  sample  size,  NX,  number  of  successes,  YX , 
confidence  level,  C.L.,  proportion,  p,  upper  bound,  and 
lower  bound.  The  first  three  columns  reflect  the  loop  logic 
in  the  modified  program.  For  example,  while  NX  stays  equal 
to  4 ,  YX  varies  from  1  to  4  and  C.L.  varies  from  55  to  95X 
for  each  different  value  of  YX .  So  for  NX  equal  to  4,  there 
are  35  different  cases  for  which  the  upper  and  lower  bounds 
must  be  computed.  For  this  study  a  total  of  4545  cases  were 
computed . 

Once  the  raw  data  was  tabulated,  data  query  commands 
were  used  to  identify  those  cases  which  met  certain 
criteria.  The  criteria  which  was  used  determined  three 
error  ranges,  E*+/-.l,  E*+/-.15,  and  £*♦/-. 175.  To  do  this, 
the  raw  data  was  ’asked*  or  ’queried’  to  find  those  cases 
which  met  each  criteria.  For  example,  the  first  criteria 
asked,  ‘Is  the  upper  bound  less  than  or  equal  to  the 
proportion  plus  . 1  and  the  lower  bound  is  greater  than  or 
equal  to  the  proportion  minus  .1?’  In  other  words,  do  the 
bounds  fall  within  a  range  of  +/-.1  from  the  proportion?  If 
so,  that  case  meets  the  criteria  for  E*+/-.l  and  will  be 
’pulled  over*  (copied)  to  another  table  which  identifies 
only  those  cases  falling  within  +/-.1  distance  of  the 
proportion.  Appendix  B  contains  the  data  tables  created  for 
E=+/-.l,  E=+/-.15,  and  E»+/-.175.  As  expected,  as  the  error 
goes  up,  the  number  of  cases  that  meet  that  error  criteria 
increases.  For  example,  for  E«+/-.15,  all  the  cases  that 
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met  £•*/-. I  will  be  repeated  in  addition  to  the  new  cases 
which  now  meet  the  condition.  Below  is  an  excerpt  from  the 
£*♦/-.!  data  table  to  illustrate  the  format. 


Table  III. 

Data  Table 

Excerpt 

E  =  +  /- 

.  1 

P<  1 

.00  RANGE 

N 

Y 

CL 

PROP 

UPPER 

LOWER 

20 

19 

55 

.95 

. 9873364 

.8645598 

20 

19 

60 

.95 

.9889049 

.8575677 

21 

20 

55 

.952381 

. 9879358 

.8707267 

21 

20 

60 

.  952381 

. 9894304 

.8640275 

21 

20 

65 

.952381 

.9908812 

. 8566017 

22 

21 

55 

. 9545455 

.988481 

.8763571 

22 

21 

60 

. 9545455 

. 9899084 

.8699274 

The  three  tables  in  Appendix  B  represent  all  the  cases 
considered  for  further  analysis  from  this  point  on  in  this 
study.  Any  case  not  found  in  one  of  these  tables  has  more 
than  .179  error  associated  with  it  and,  as  such,  will  not 
provide  useful  information  to  a  manager.  The  complete  data 
set  generated  is  presented  in  Appendix  B  as  reference 
material  only. 

Trends 

Certain  statistical  trends  should  be  kept  in  mind  when 
reviewing  the  tables  in  Appendix  B  and  the  following  graphs. 
First,  for  a  given  error  range,  the  higher  the  proportion  of 
successes ,  the  smaller  the  sample  size  needs  to  be  to  attain 
a  specified  confidence  level.  This  is  why  the  majority  of 
cases  that  meet  the  criteria  for  a  given  error  range  have  a 
proportion  of  one.  For  example,  at  £=♦/-.!,  a  sample  size 
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of  10  meets  the  +/-.1  criteria  in  the  case  where  10  has  the 
highest  proportion  of  successes  possible,  1.00.  Note  that 
it  is  not  until  the  error  range  is  increased  to  +/-.175  that 
a  sample  size  of  10  meets  the  criteria  with  a  proportion 
less  than  1.00. 

The  next  statistical  fact  we  should  notice  is  that  for 
a  given  error  range  and  proportion,  the  smaller  the 
confidence  level,  the  smaller  the  sample  size  needed  to  meet 
the  criteria.  This  is  why  the  majority  of  cases  in  the 
E*+/-.l  data  table  have  only  attained  55  to  65%  confidence, 
and  as  the  error  range  increases  in  the  following  tables, 
the  maximum  confidence  levels  attained  also  increase.  For 
example,  a  sample  size  of  10  in  the  E=+/-.l  range  can  at 
most  attain  a  confidence  level  of  65%  even  with  the 
proportion  of  successes  equal  to  1.00.  However,  as  the 
error  range  increases  to  +/-.15,  a  sample  size  of  10  can 
attain  80%  confidence;  at  E=+/-.175,  it  can  attain  85% 
confidence.  Note  here  that  a  sample  size  of  10  can  never 
attain  more  than  85%  confidence  and  remain  within  +/-.175 
error  even  if  100%  of  the  sampled  engines  pass  inspection. 
This  analysis  is  key  to  the  overall  conclusions  made  in 
Chapter  V.  One  could  use  the  data  tables  to  determine  the 
maximum  confidence  levels  attainable  for  varying  sample 
sizes  at  given  maximum  allowable  errors.  It  is  easier, 
however,  to  use  the  graphs  that  follow. 

Another  important  trend  to  notice  is  that  for  different 
r'onfidence  levels  and  constant  proportions,  the  curves 
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depicting  sample  size  versus  the  lower  bounds  are  quite 
similar  in  shape.  The  major  difference  is  that  the  lower 
the  confidence  level,  the  closer  the  lower  bound  approaches 
the  proportion;  the  higher  the  confidence  level,  the  farther 
the  lower  bound  is  from  the  proportion  (or,  the  more  error 
is  introduced).  Also  seen  in  Figure  2  following,  as  N 
increases,  the  lower  bound  approaches  the  proportion. 


Figure  2.  P* . 8 


More  importantly,  a  review  of  several  of  these  type 
graphs  (p  *  constant  shown  over  a  large  sample  size  range) 
shows  that  there  is  a  major  change  in  the  slope  at  a  sample 
size  of  N  3  20  no  matter  what  proportion  is  chosen.  There 
is  also  a  significant  change  in  slope  from  N  *  1  to  10  to 


N  >  10  to  20.  Following  are  Figures  3  through  8  showing  this 
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phenomenon.  The  importance  of  this  is  that  from  N  3  1  to 
20,  the  value  of  each  additional  engine  inspection 


significantly  outweighs  the  value  of  one  additional 
inspection  past  N  •  20.  While  managers  may  find  20  engine 
inspections  non-suppor table  due  to  prohibitive  costs  and 
logistical  reasons ,  this  analysis  shows  there  is  significant 
increasing  value  in  each  additional  engine  inspection  done 
in  the  small  sample  size  range  of  H  3  1  to  20  and  especially 
in  the  range  W  3  1  to  10. 


This  is  more  clearly  shown  in  the  following  expanded 
graphs  for  P*1.00,  Figures  9,  10,  and  11,  showing  for  each 

error  range  the  linearity  of  sample  size  versus  confidence 
level  from  II'  3  1  to  10  and  the  step-function  effect  from 


(MF1DEKE  m,  (l 


1)  'UH1 MHIJW)  _ 


Figur*  0.  £=♦/-. 15  P*1.00  N*50 


Fi<UP«  7.-  £■♦/-.  175  P*1.00  N9 400 
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Figur*  8.  £=♦/-. 175  P*1.00  N=50 


£=♦/-. 1 

P=1 . 00 
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N  =  11  to  30.  As  the  sample  size  increases,  the  gains  in 
confidence  level  taper  off  and  eventually  reach  a  point 
where  gains  in  confidence  for  increasing  sample  sizes  are 
very  small  and  require  too  large  of  a  sample  size  to  be  of 
use  in  this  study.  For  sample  sizes  below  N  =  10,  there  is 
a  5%  increase  in  confidence  for  each  increase  of  1  in  sample 
size.  In  other  words,  there  is  a  significant  increase  in 
confidence  for  the  inspection  of  4  engines  versus  5  engines 
or  7  engines  versus  9  engines.  There  is  definitely  enough 
to  warrant  careful  consideration  by  program  management. 

While  each  proportion  does  not  have  such  clearly 
defined  slope  changes  as  seen  in  the  above  graphs  for 
P=  1 . 00 ,  each  proportion  follows  this  pattern  of  confidence 
level  gains  tapering  off  as  the  sample  size  increases  past 
20.  This  is  seen  in  Figures  12  and  13. 

As  already  stated  in  this  research,  studies  have  shown 
that  humans  do  not  accurately  intuitively  predict  the 
relation  of  sampling  variance  to  sample  size  (2:248).  If 
one  engine  in  an  inspection  of  10  fails  inspection  (90% 
pass),  it  is  not  the  same  statistically  as  10  engines 
failing  in  an  inspection  of  100.  Therefore,  general 
assumptions  made  by  engineering  or  management  that 
inspecting  5  engines  will  not  be  statistically  any  more 
worthwhile  than  inspecting  4  are  not  true;  in  reality, 
management  should  realize  that  each  additional  inspection 
adds  significantly  to  the  amount  of  confidence  that  can  be 
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placed  in  generalizing  to  the  entire  fleet  baaed  on  the  ACI 
inspections . 

Summary  Graphs 

Presented  in  Chapter  V  are  summary  graphs  which  group 
the  cases,  (a  case  consisting  of  a  specific  N,  Y,  and  C.L.), 
which  meet  each  error  range  criteria  and  meet  specified 
proportion  criteria  which  is  preset  by  the  manager.  For 
example,  a  manager  who  sets  the  criteria  that  90%  of  the  ACI 
engines  must  pass  inspection  before  the  inspection  interval 
can  be  extended  and  wants  to  estimate  the  fleet  proportion 
within  10%  accuracy  (E*+/-.10)  would  look  to  the  ’Proportion 
Range  ,9<=P<.95’  graph  and  the  £*♦/-.  1  line  to  see  what 
sample  size  gives  the  confidence  level  desired.  Those 
summary  graphs  are  based  on  the  18  graphs  in  Appendix  C, 
then  grouped  by  proportion  ranges.  Also  presented  in 
Chapter  V  will  be  an  example  for  users  to  follow  to  ensure 
proper  use  of  the  summary  graphs . 
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V.  Recommendations  and  Conclusions 


Impl ications  as  a  Management  Too  1 

The  following  six  summary  graphs  (backed  up  by  the  data 
tables  in  Appendix  B)  present  a  model  which  managers  can 
apply  to  any  LTF/ACI  program  to  determine  appropriate  sample 
sizes  given  certain  preset  constraints.  More  specifically, 
these  graphs  show  required  sample  sizes  to  ensure  varying 
confidence  levels  for  varying  levels  of  an  acceptable  number 
of  components/engines  that  pass  inspection  and  within 
specified  error  limits. 

Qiven  the  cost  and  logistical  constraints  associated 
with  real-world  inspection  programs,  the  major  value  of  this 
research  lies  in  its  comparison  capabilities.  In  other 
words,  when  logistical  problems  occur  that  force  program 
management  to  consider  reducing  the  number  of 
engines/components  to  be  inspected,  these  graphs  provide  a 
measure  of  the  loss  in  prediction  ability  associated  with 
.fewer  inspections.  Managers  can  then  make  a  trade-off 
analysis  to  decide  whether  it  is  actually  worth  reducing  the 
number  of  inspections  or,  instead,  find  another  means  to 
solve  the  logistical  problems. 

Because  the  nature  of  ACIs  is  to  project  what  will 
happen  in  the  rest  of  the  fleet,  reducing  the  number  of  ACI 
inspections  when  that  number  is  already  low  must  be 
carefully  considered  first.  Conflicts  arise  because  while 
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the  ACI  inspections  are  held  up  due  to  lack  of  spares  or 
other  problems,  the  remainder  of  the  fleet  is  approaching 
that  set  ACI  inspection  interval.  If  the  ACIs  are  not 
completed  on  time,  or  if  enough  ACIs  are  not  completed  as 
required,  the  manager  faces  the  decision  to  continue  flying 
past  that  inspection  interval  based  on  incomplete  or 
insubstantial  ACI  information,  or  to  begin  replacing  the 
questionable  components  as  spare  parts  allow,  then 
eventually  grounding  aircraft  that  reach  the  interval 
without  spare  parts  being  available.  General  assumptions 
made  by  engineering  or  management  that  inspecting  five 
engines  will  not  be  statistically  any  more,  worthwhile  than 
inspecting  four  are  based  on  faulty  human  intuition  of 
statistics.  Management  must  realize  that  each  additional 
inspection  adds  significantly  to  the  amount  of  confidence 
that  can  be  placed  in  generalizing  to  the  entire  fleet  based 
on  the  ACI  inspections.  This  study  allows  the  manager  to 
determine  the  risk  or  decrease  in  confidence  that  is 
associated  with  a  decrease  in  sample  size  or  with  an  initial 
suboptimum  sample  size.  The  manager  can  then  weigh  the 
risks  of  inaccurately  projecting  trends  against  the  rest  of 
the  fleet  which  could  lead  to  safety  or  planning  problems 
later  with  the  problems  caused  by  delaying  ACIs  or  not 
reducing  the  number  of  inspections. 

The  discreteness  effect  previously  discussed  in  Chapter 
IV  is  very  noticeable  in  these  summary  graphs.  Because 
proportions  are  defined  as  the  number  of  successes,  Y,  per 
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(tfllfXE 


PROPORTION  RANGE 

p  =  l.aa 


Figuro  14.  Summary  Graph  P=1.00 


PROPORTION  RANGE 
.95<=r<l.M 


Figuro  13.  Summary  Graph  .  95<*P<1.00 
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•  v  i  r  i  r  r  ▼  t  r  ▼  r  i  t  ■  i  r  i  i 1 - v 

18  11  12  13  14  13  16  1?  18  19  28  21  22  23  24  23  26  27  28  29  38 

SAMPLE  SIZE,  N 

_ _ □  £=*/-. I  +  £=♦/-. 13  *  E=*/-.l75 


Figure  10.  Summary  Graph  ,9<=P<.95 


18  11  12  13  14  13  16  17  18  19  28  21  22  23  24  23  26  27  28  29  38 

SAMPLE  SIZE,  N 

a  £=♦/-.!  ♦  £=♦/-. 15  *  E=«V- . 175 


Figure  17.  Summary  Graph  .85<=P<.9 
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sample  size,  n,  the  range  of  possible  proportions 
is  not  continuous.  For  example,  a  sample  size  of  3  can 
only  have  1,  2,  or  3  successes  corresponding  to  proportions 
of  .33,  .667,  and  1.00.  A  sample  size  of  4  can  only  have  1, 

2,  3,  or  4  successes,  corresponding  to  proportions  of  .25, 
.50,  .75,  and  1.00.  Therefore,  the  range  of  proportions  is 

not  continuous  and  these  summary  graphs  should  not  contain 
the  lines  drawn  between  data  points.  The  lines,  however, 
enhance  the  reader's  ability  to  determine  the  change  in 
slope  as  the  sample  size  increases. 

This  discreteness  effect  is  the  reason  that  there  are 
unusual  ‘dips'  in  the  summary  graphs.  The  dips,  for  example 
in  the  E=+/-.l  graph  in  the  range  . 8<=P<.85,  are  due  to  the 
different  proportions  of  successes  for  sample  sizes  of  26, 
27,  and  28.  At  H  »  28,  the  proportion  of  successes  that 
falls  within  the  .8<=P<.85  range  is  .8461538  (22/26);  at 
N=  27,  the  proportion  is  .8148148  (22/27):  at  N  =  28,  the 
proportion  is  .8214286  (23/28).  The  proportion  at  N  =  26 
is  high  enough  to  attain  65%  confidence,  while  the  highest 
proportion  at  N  *  27  in  the  same  .8<=P<.85  range  is  only 
able  to  attain  60%  confidence.  The  proportion  at  N  *  28  and 
Y  *  23  is  then  high  enough  again  to  attain  65%. 

Practical  Appl ication 

Again,  the  purpose  of  this  study  is  to  show  the  gains 
(or  losses)  associated  with  inspecting  X  more  (or  less) 
engines  in  an  ACI  program  by  showing  how  much  confidence  can 
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be  gained  (or  lost)  with  that  increase  or  decrease  in 
inspection.  These  gains  (losses)  will  provide  the  manager 
with  a  measurement  tool  against  which  to  measure  logistical, 
engineering,  and  cost  conflicts  in  choosing  the  proper 
number  of  engines  to  inspect.  Application  of  this  model  can 
best  be  shown  through  examples.  Consider  a  manager  in  the 
planning  stages  of  a  LTF/ACI  program.  The  manager  decides 
that  since  his  program  involves  a  single-engine  aircraft,  he 
would  like  to  maximize  the  degree  of  confidence  he  has  that 
100%  of  the  engines  in  the  fleet  will  pass  inspection  with  a 
maximum  allowable  error  of  +/-10%.  He  goes  to  the  summary 
graph  for  P=1.00  and  finds  the  curve  for  E=+/-.l.  From  here 
he  learns  that  he  can  attain  only  65%  confidence  with  a 
sample  of  10  engines.  If  he  has  the  resources,  he  could 
increase  the  sample  of  engines  to  12  and  receive  70% 
confidence,  to  14  for  75%  confidence,  to  16  for  80% 
confidence,  to  19  for  85%  confidence,  etc. 

Another  example  shows  the  more  probable  use  of  this 
research,  determining  the  loss  in  confidence  associated  with 
a  smaller  sample  size.  Consider  a  manager  who  is  trying  to 
decide  whether  he  should  reduce  the  sample  size  due  to  spare 
parts  problems.  Currently,  he  has  a  sample  size  of  10  which 
he  is  considering  reducing  to  8 .  If  he  set  his  maximum 
allowable  error  at  E=+/-.15,  then  reducing  the  sample  size 
from  10  to  8  means  he  loses  10%  confidence  (from  80  to  70%) 
in  his  estimate  of  the  proportion  (P=1.00)  of  the  fleet 
engines  that  will  also  pass  the  ACI  inspection.  If  he  set 
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his  maximum  allowable  error  at  E=+/-.10  (10%),  he  would 
still  lose  10%  confidence  that  his  estimate  of  fleet  engines 
is  correct,  however,  this  time  it  will  decrease  from  65  to 
55%. 

Where  before  managers  had  no  real  estimate  of  the  loss 
in  value  of  their  ACI  programs  when  reductions  were  being 
considered,  they  now  have  a  measurement  tool  to  use  to  weigh 
the  various  options.  While  this  may  be  only  a  portion  of 
the  managers  overall  decision,  it  is  meant  to  quantify  at 
least  part  of  that  decision-making  process. 

Recommendations  f or  Fol low-On  Study 

As  mentioned,  this  research  represents  only  a  portion 
of  the  decision-making  process  managers  employ  to  determine 
sample  sizes  for  LTF/ACI  programs.  Many  other  issues  are 
involved  to  include  cost  and  logistical  constraints. 
Logistical  constraints  can  vary  from  a  lack  of  spare  parts, 
to  a  deficiency  in  maintenance  crews  available,  to 
contractor  support  problems.  Up-front  planning  is  the  most 
vital  part  of  a  successful  LTF/ACI  program.  There  are  many 
areas  of  research  that  could  improve  this  up-front  planning, 
such  as  a  scheduling  model  for  spare  parts  requirements  at 
different  ACI  intervals  based  on  past  programs.  This 
section  will  concentrate,  however,  on  follow-on  research 
directly  integrable  with  this  thesis. 

One  future  area  of  research  would  be  to  develop  a  cost 
trade-off  analysis  that  would  present  the  cost  of  various 
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sample  size  ACI  programs  and  trade  those  costs  off  against 
the  savings  inherent  in  sampling  engines  and  finding 
problems  before  they  become  critical.  Examples  of  those 
costs  would  include  the  actual  manhours  of  labor  to  do  the 
inspections,  the  costs  of  parts  like  seals  that  must  be 
replaced  each  time  components  are  removed,  and  the  cost  of 
contractor  support  since  contractors  and  subcontractors 
usually  accomplish  the  initial  ACIs.  Examples  of  the 
savings  include  the  savings  associated  with  inspecting  and 
replacing  parts  that  are  near  failure  before  they  actually 
fail,  thus  preventing  nearby  components  from  possible  damage 
by  such  failure  or  possibly  saving  the  entire  aircraft  if 
the  part  is  critical.  Failure  Modes  and  Effects  Analyses 
could  be  used  to  help  generate  these  savings. 

Another  area  of  future  research  would  be  to  analyze 
past  ACI  programs  to  find  what  problem  areas  were  actually 
discovered  during  the  ACIs,  then  do  a  cost  analysis  showing 
the  cost  or  savings  associated  with  finding  those  specific 
problems  early  in  the  program.  This  is  in  contrast  to  the 
above  suggestion  of  doing  a  generic  cost  analysis  for  any 
general  problem  that  might  be  found  in  ACIs.  This  approach 
would  limit  the  study  to  something  more  manageable  for  an 
eighteen  month  thesis  effort. 

Finally,  research  should  be  done  by  the  Air  Force  over 
an  extended  period  of  time  comparing  the  ACI  results  to  the 
fleet’s  maintenance  records  after  a  substantial  number  of 
years  operation.  The  study  should  analyze  the  benefit  of 
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the  initial  ACIs  in  forecasting  the  fleet's  maintenance  over 
the  years.  Eventually  the  study  should  include  several 
varied  engine  programs  and  should  make  recommendations  for 
improvements  based  on  the  findings. 
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Th*  number*  printed  aloof  the  rare**  indicate  the  temple  ate  n. 


Note:  the  procem  of  reerlinf  from  the  curve*  can  be  amplified  with  the  help  of  tbe  right-angled  corner  of  a  loose 
■beet  of  paper  or  thin  card,  along  the  edg**  of  which  era  marked  off  the  acalaa  ahown  in  the  top  left-hand  corner  of 
each  Chart. 
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Appendix  B 
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Data  Tables  f or  E= ♦ / - . 15,  and  E*»/- . 175 


1.00  BABQE 


V 

T 

CL 

PBOP 

UPPEB  LOWEB 

8 

8 

39 

1 

.0080082 

0 

0 

80 

1 

.0032011 

10 

10 

88 

1 

. 0003408 

11 

11 

93 

1 

. 9080744 

12 

12 

70 

1 

. 0048370 

13 

13 

70 

1 

.0113480 

14 

14 

73 

1 

. 0087237 

19 

19 

73 

1 

.0117223 

18 

18 

80 

1 

. 0043038 

17 

17 

80 

1 

. 0008703 

18 

18 

80 

1 

.0144878 

10 

10 

88 

1 

.0040748 

20 

20 

89 

1 

. 0003030 

21 

21 

89 

1 

.0130214 

22 

22 

00 

1 

.0008281 

23 

23 

00 

1 

.0047338 

24 

24 

00 

1 

.0083178 

23 

23 

00 

1 

.0120100 

28 

28 

00 

1 

.0132473 

27 

27 

90 

1 

.9182343 

28 

28 

00 

1 

.0210933 

20 

20 

03 

1 

.0018334 

30 

30 

03 

1 

.0040881 
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S"*/- . 1 

. 08<  »P< l  .  00  RAMQK 


K 

T 

CL 

PHOP 

arm 

LOWKB 

20 

10 

S3 

.03 

. 0873384 

.8643308 

20 

10 

80 

.08 

.0880040 

. 8373677 

21 

20 

33 

.032381 

.0870388 

. 8707287 

21 

20 

80 

.032381 

. 0804304 

.8640273 

21 

20 

88 

.082381 

.0008812 

.8866017 

22 

21 

S3 

.0348488 

.088481 

.8783871 

22 

21 

80 

.0348488 

. 0800084 

. 8800274 

22 

21 

as 

.0843433 

.001204 

. 8627078 

22 

21 

70 

.0848488 

.00284 

.8847488 

23 

22 

SB 

.0888217 

.0880701 

.8813178 

23 

22 

80 

.0883217 

. 000348 

. 8733373 

23 

22 

83 

.0883217 

.0018700 

.8684812 

23 

22 

70 

.0388217 

.0020380 

.8607382 

24 

23 

38 

.0383333 

.0804338 

.8862632 

24 

23 

80 

.0383333 

.0007438 

.8803134 

24 

23 

83 

.0383333 

.0020168 

.8737131 

24 

23 

70 

.0383333 

.0032312 

.886234 

23 

24 

S3 

.08 

.0808382 

.8006474 

23 

24 

80 

.08 

.001114 

.8840117 

23 

24 

88 

.08 

. 0023346 

.8783431 

23 

24 

70 

.08 

.0033204 

• .87133 

23 

24 

73 

.08 

. 004873 

.8630412 

28 

23 

S3 

.0813383 

.0002443 

.8047048 

28 

23 

80 

.0813383 

.0014344 

.8801681 

28 

23 

83 

.0813388 

.0026284 

.8830212 

28 

23 

70 

.0818388 

. 0037688 

.8760724 

28 

23 

73 

.0813388 

. 0048773 

. 8680440 

27 

28 

38 

.082063 

. 000604 1 

.8084716 

27 

28 

80 

. 082083 

.0017808 

.8031212 

27 

28 

88 

. 082083 

.0020003 

.8871704 

27 

28 

70 

.082083 

.0030080 

.8804808 

27 

28 

73 

.082083 

.0030866 

.8726083 

27 

28 

80 

. 082063 

.0061034 

.8634313 

28 

27 

33 

.0642837 

. 0000382 

.0010783 

28 

27 

80 

.0842887 

.0020623 

.8088022 

28 

27 

88 

.0842837 

.0031331 

.8010324 

28 

27 

70 

.0642887 

.0042128 

.8848401 

28 

27 

73 

.0842837 

.0032424 

.8770316 

28 

27 

80 

.0842837 

.0062442 

.8680378 

20 

28 

S3 

.0638172 

.0012403 

.0082314 

20 

28 

80 

.0838172 

.0023340 

.0002383 

20 

28 

83 

.0638172 

. 0033883 

. 8046684 

28 

28 

70 

.0888172 

.0044116 

. 8883674 

20 

28 

73 

.0833172 

.0034081 

.8810813 

20 

28 

80 

.0683172 

.  0063734 

.8723813 

30 

20 

S3 

.0866867 

.0013307 

.0083120 

30 

20 

80 

.  0866687 

.0028808 

.0034831 

30 

20 

88 

.0686667 

.0036082 

.8080323 

30 

20 

70 

. 0868887 

.0043073 

.8010414 

30 

20 

73 

.0666887 

.0083380 

.8848733 

30 

28 

80 

. 0666667 

.0064042 

. 8784300 

65 


!■♦/-.  1 


.  9<-P<.99  RAJTOI 


8 

Y 

CL 

?80P 

OPPEB 

LOWES 

17 

16 

99 

.8411769 

.8891184 

.841046 

18 

17 

99 

.8444444 

.  8898382 

.8302776 

18 

18 

99 

.8473684 

. 8866744 

.8377738 

18 

18 

60 

.8473684 

.0883244 

.8304644 

20 

18 

99 

.8 

.8392136 

.8090403 

22 

20 

99 

.  8080808 

. 8902867 

.8227261 

22 

20 

60 

.  8080800 

. 0623683 

.8133848 

23 

21 

99 

.8130439 

.8610712 

. 8300708 

23 

21 

60 

.8130438 

.8640129 

.8230164 

23 

21 

69 

.8130439 

.8670071 

.8132428 

24 

22 

98 

.8166667 

. 8626074 

.8368431 

24 

22 

60 

.8166667 

.0069182 

.8300347 

24 

22 

69 

.8166687 

. 8683884 

.8223334 

29 

23 

99 

.82 

.0641831 

.8430010 

29 

23 

60 

.82 

.  8668028 

.8363184 

29 

23 

69 

.82 

.0686609 

.8282793 

29 

23 

70 

.82 

.0724808 

.3211337 

28 

24 

99 

.8230768 

.0639736 

.8488804 

26 

24 

60 

. 8230768 

.0681803 

.8423263 

28 

24 

69 

.8230768 

. 8708334 

.8333228 

26 

24 

70 

.8230768- 

.8739301 

.8276688 

27 

29 

99 

.8298298 

.8668310 

.8942974 

27 

29 

60 

.8298298 

.8603631 

.8481068 

27 

29 

69 

.8298298 

.8718188 

.8413288 

27 

29 

70 

. 8298298 

.8749416 

. 833729 1 

28 

26 

99 

.8289714 

. 868038 

.8302633 

28 

26 

60 

.8289714 

.8704611 

. 8933087 

28 

26 

69 

.8289714 

. 8728269 

.8467413 

28 

26 

70 

.8289714 

.8794063 

.838371 

28 

26 

79 

.8289714 

.8780801 

.8308131 

28 

27 

99 

.8310349 

.8681424 

.8636408 

28 

27 

60 

.8310349 

.8714828 

.8381660 

28 

27 

69 

.8310346 

. 8738643 

.8917866 

28 

27 

70 

.8310349 

. 8763076 

. 8446466 

28 

27 

79 

.8310349 

.8788412 

. 8364448 

30 

27 

99 

.8 

.8432416 

. 8208608 

30 

27 

60 

.8 

.8484106 

.  8238026 

30 

27 

69 

.8 

.8916882 

.8170388 

30 

27 

70 

.8 

.8991288 

.8084891 

30 

27 

79 

.8 

.898764 

. 8008973 

30 

28 

99 

.8333333 

.8701732 

.8683101 

30 

28 

60 

.0333333 

. 8724369 

.8627124 

30 

28 

69 

. 8333333 

.8747383 

.8969203 

30 

28 

70 

.8333333 

.8771016 

.8489871 

30 

28 

79 

.8333333 

.8789313 

.8416212 

66 


oooooocoooooo)OOQDO0a>^^>4>4^^>iooa(](i(i^»uuo« 


E»*/ 


1 


. 8S<«P< .9  RAMQE 


T 

CL 

PBOP 

UPPEB 

LOWES 

17 

38 

. 8047308 

.0328483 

.7002003 

20 

S3 

.8803032 

. 0284280 

.7808028 

20 

80 

.8808082 

.0323410 

.7731778 

21 

38 

.873 

.0314348 

.7808401 

21 

00 

.873 

. 0333820 

.782118 

22 

S3 

.88 

.0342002 

.7073378 

22 

00 

.88 

.0370041 

. 7003784 

22 

08 

.88 

.0410202 

.782308 

23 

38 

.8848134 

.038731 

. 8040882 

23 

80 

.8848134 

.0404027 

.7080383 

23 

03 

.8840134 

.0441804 

.7004140 

23 

38 

.8818310 

.0004182 

.7707471 

23 

80 

.8318310 

.0137310 

.7833036 

23 

88 

.8318310 

.0182737 

.733713 

24 

S3 

.8888880 

.0301114 

.8118033 

24 

80 

. 8888880 

.0420300 

.8031300 

24 

83 

. 8888880 

.0482710 

.7077701 

24 

70 

.8888880 

.0300774 

.7803233 

24 

33 

.8371420 

.0120015 

.7783343 

24 

00 

.8371420 

.0108731 

.7713800 

24 

08 

.8371420 

.0212400 

.7030323 

23 

38 

.8028371 

.0413018 

.8183272 

23 

00 

.8028371 

. 0440084 

.8117000 

23 

88 

.8028371 

.0482113 

. 8040277 

23 

70 

.8028371 

.0818834 

. 7000203 

23 

S3 

. 802060 

.013738 

. 7838480 

28 

80 

. 882000 

.0107802 

.7700714 

23 

83 

. 882080 

. 0230004 

.7710833 

28 

70 

. 882080 

.028432 

.7834037 

20 

33 

.8083317 

. 043340 1 

.8243301 

20 

80 

.8063317 

.0480221 

.817007 

20 

83 

.8003317 

.080010 

.8110303 

20 

70 

.8003317 

.033303 

.8032082 

20 

35 

.8800007 

.0183738 

.7028780 

20 

80 

.8000007 

.0224802 

. 7800877 

20 

08 

.8000007 

.0203717 

.7788733 

20 

70 

. 8888087 

.0308701 

.7708440 

67 


. 8<»P<.83  BANQK 


M 

T 

CL 

PBOP 

OPPIB 

24 

20 

88 

. 8333333 

. 8878382 

24 

20 

80 

.8333333 

.0027013 

28 

20 

88 

.8 

. 8688708 

28 

20 

80 

.8 

. 8738684 

28 

21 

88 

.84 

. 8020784 

28 

21 

80 

.84 

.8067418 

28 

21 

88 

. 8078023 

.8737138 

28 

21 

80 

. 8078023 

.8780118 

26 

22 

38 

.8481838 

.8088801 

28 

22 

80 

.8481838 

.8103834 

28 

22 

88 

.8481838 

.8180742 

27 

22 

88 

.8148148 

.8784682 

27 

22 

80 

.8148148 

.8834838 

28 

23 

SB 

.8214288 

.8828778 

28 

23 

80 

.8214288 

.8877228 

28 

23 

88 

.8214286 

.8828077 

28 

24 

SB 

.8278862 

.8860784 

28 

24 

80 

.8278862 

.8816830 

28 

24 

88 

.8278862 

. 8088808 

30 

24 

SB 

.8 

.8822188 

30 

24 

80 

.8 

.8672813 

30 

24 

88 

.8 

.8726362 

30 

28 

88 

.8333333 

. 8008008 

30 

28 

80 

. 8333333 

. 8883373 

30 

28 

88 

. 8333333 

. 8000868 

68 


LOWES 
. 7438438 
.7387832 
.7101834 
.7021872 
.7833811 
.7487273 
.7207024 
.7128888 
.  7823708 
.  7840888 
.74888 
.7308048 
. 7228772 
.7388441 
.7323248 
.7243403 
.7481881 
.7410838 
.733282 
.720322 
.7131148 
.7082847 
.7881888 
.7402828 
.7418828 


*■♦/-.  1 

.  7<  *P<  .  8  BAIIQI 


H 

T 

CL 

PBOP 

UPPEB 

LOWKB 

20 

20 

00 

.7002308 

.8403079 

.0717024 

27 

20 

99 

.7407407 

.8130007 

.0920733 

27 

20 

80 

.7407407 

.8200031 

.0440847 

27 

21 

99 

. 7777778 

. 8409088 

. 000084 

27 

21 

80 

. 7777778 

.8821047 

.8831082 

20 

20 

99 

.7142897 

.788817 

.8200308 

28 

20 

00 

.7142887 

.7081477 

.0180011 

20 

21 

99 

.79 

.8207010 

.0037771 

28 

21 

00 

.79 

. 8200044 

.0990840 

20 

22 

99 

.7897143 

.8821834 

.7014211 

28 

22 

80 

.7897143 

.8879092 

. 003833 

29 

21 

99 

.7241370 

.7082018 

. 0387388 

20 

21 

80 

.7241370 

.8024280 

.030070 

29 

22 

99 

.7980207 

.8271110 

.0747231 

20 

22 

00 

.7980207 

.8328273 

.0071109 

29 

22 

09 

.7980207 

.8388714 

.0988900 

29 

23 

99 

.7031034 

. 8973770 

.7111703 

29 

23 

00 

.7031034 

.8020140 

.7037898 

29 

23 

09 

.7031034 

.8081339 

.0097309 

30 

21 

99 

.7 

.7730911 

.0190018 

30 

21 

00 

.7 

.7703900 

.007808 

30 

22 

99 

.7333333 

.8032930 

.8900007 

30 

22 

00 

.7333333 

.800203 

.0429092 

30 

22 

09 

. 7333333 

.8199078 

. 0342730 

30 

23 

99 

.7000007 

. 8330003 

.0840700 

30 

23 

80 

.7000007 

.8389401 

.0779001 

30 

23 

09 

. 7000007 

. 8443007 

. 0004000 

69 


*■♦/-  .  15 

P  ■  1-00  RAMOS 


M 

T 

CL 

PROP 

5 

5 

59 

1 

8 

8 

80 

1 

7 

7 

85 

1 

8 

8 

70 

1 

0 

0 

79 

1 

10 

10 

80 

1 

11 

11 

80 

1 

12 

12 

89 

1 

13 

13 

89 

1 

14 

14 

89 

1 

15 

15 

00 

1 

18 

18 

00 

1 

17 

17 

00 

1 

18 

18 

00 

1 

10 

10 

09 

1 

20 

20 

39 

1 

21 

21 

05 

1 

22 

22 

09 

1 

23 

23 

05 

1 

24 

24 

09 

1 

29 

29 

09 

1 

20 

28 

09 

1 

27 

27 

09 

1 

28 

28 

09 

1 

20 

20 

09 

1 

30 

30 

09 

1 

UPPER  LOWER 
.8523082 


.8983742 
.  8807208 
. 8802808 
. 897244 
.8913300 
. 8838877 
.8937701 
.8842101 
.8732718 
.8978090 
.8890843 
.8733282 
.  8700229 
.8941314 
. 800C8 17 
.8870541 
.8728048 
. 8778788 
. 8828538 
.8870710 
.8011007 
. 8040808 
.8089343 
.0018994 
.0040881 


70 


£■♦/-. 13 

.  9S<  »P< 1 . 00  &AHQZ 


It 

T 

CL 

PBOF 

oppn 

LOWKB 

20 

19 

S3 

.98 

. 9873364 

.8648808 

20 

19 

60 

.93 

. 9889049 

. 8873677 

20 

19 

63 

.98 

.9904273 

.8498204 

20 

19 

70 

.98 

.9919071 

.8410817 

20 

19 

73 

.98 

. 9933430 

.8310133 

20 

19 

80 

.98 

.9947439 

.8190396 

20 

19 

83 

.98 

.9961093 

.804109 

21 

20 

38 

.932381 

.9679338 

. 8707267 

21 

20 

60 

.982381 

. 9894304 

.8640273 

21 

20 

63 

.932381 

.9908812 

.8366017 

21 

20 

70 

.932381 

.9922909 

.8482217 

21 

20 

78 

.982381 

.9936616 

.8383013 

21 

20 

80 

.982381 

.9949934 

. 8270630 

21 

20 

83 

.932381 

.9962943 

.8127197 

22 

21 

S3 

.9348433 

.988481 

.8763371 

22 

21 

60 

.9343433 

.9899084 

.8699274 

22 

21 

68 

.9343433 

.991294 

.8627978 

22 

21 

70 

.9343433 

.99264 

.8347480 

22 

21 

73 

.9343438 

. 9939488 

.8434631 

22 

21 

80 

.9843433 

.9932222 

.8344114 

22 

21 

88 

.9343438 

.9964626 

. 8200076 

23 

22 

33 

.9363217 

.9889791 

.8813178 

23 

22 

60 

.9363217 

.990343 

. 8733373 

23 

22 

63 

.9368217 

.9916700 

.8684812 

23 

22 

70 

.9368217 

.9929880 

. 8007382 

23 

22 

73 

.9863217 

.0942111 

.8318036 

23 

22 

80 

.9363217 

.0934296 

.8411398 

23 

22 

88 

.9363217 

.9066161 

. 8278394 

23 

22 

90 

.9363217 

. 9977723 

.8097961 

24 

23 

S3 

.9383333 

. 9804338 

.8862032 

24 

23 

60 

.9383333 

.9007436 

.8803134 

24 

23 

63 

.9383333 

.9920166 

.8737131 

24 

23 

70 

.9383333 

.9932312 

.860234 

24 

23 

73 

.9383333' 

.9944310 

. 8376434 

24 

23 

SO 

.9883333 

.9930196 

. 8473807 

24 

23 

88 

.9383333 

.9967369 

.8343432 

24 

23 

90 

.9883333 

.9978631 

.8171076 

23 

24 

38 

.96 

.9898362 

.8906474 

23 

24 

60 

.96 

.991114 

.8849117 

23 

24 

63 

.96 

.9923346 

.8783431 

23 

24 

70 

.96 

. 9938204 

.87138 

23 

24 

73 

.90 

. 994673 

.8630412 

28 

24 

80 

.96 

.9037943 

.8331336 

23 

24 

83 

.96 

. 9968864 

. 8407333 

23 

24 

90 

.96 

.9079804 

. 8238793 

28 

28 

33 

.9613388 

. 9902448 

. 8947046 

26 

28 

60 

.9613388 

.9914344 

.8891681 

28 

28 

68 

.9613383 

.9920284 

.8830212 

26 

23 

70 

.9618383 

. 9937088 

.8760724 

26 

23 

73 

.9618383 

.9948773 

.8680449 

71 


K«*/-  .  13 

. 95<=p<i.ae  havos 


1 

T 

CL 

PBOP 

CFPZB 

LOWEB 

38 

38 

80 

.0618388 

.9080680 

.8884602 

38 

33 

88 

.0613388 

.0070080 

.8464770 

38 

28 

00 

.0618388 

.0080201 

.8301688 

37 

26 

88 

.062863 

.0006041 

.8084716 

37 

26 

60 

.062063 

.0017606 

.8031212 

37 

26 

68 

.062063 

.0020008 

.8871704 

37 

26 

70 

.062063 

. 0030080 

.8804606 

37 

26 

78 

.062063 

.0030666 

.8726068 

37 

26 

80 

.062063 

.0061034 

.8634313 

37 

26 

88 

.062063 

.0071167 

.8818233 

37 

26 

00 

. 062063 

.0081021 

.8360286 

28 

27 

88 

.0642887 

.0000382 

.0010788 

28 

27 

60 

.0642887 

.0020623 

.8068022 

28 

27 

68 

.0642887 

.0031831 

.8010824 

28 

27 

70 

.0642887 

.0042126 

.8848401 

28 

*7 

78 

.0642887 

.0082424 

.8770316 

28 

27 

80 

.0642887 

.0062442 

8680379 

28 

27 

88 

.0642887 

.0072108 

.8868006 

28 

27 

00 

.0642887 

.0081608 

.8414020 

28 

27 

08 

.0642887 

. 0000062 

.8168248 

20 

28 

SB 

.0683172 

.0012403 

.0032814 

20 

28 

60 

.0633172 

.0023340 

.0002383 

20 

28 

68 

.0688172 

.9033883 

.8046684 

20 

28 

70 

.0688172 

.0044116 

.8883674 

20 

28 

73 

.0688172 

.0084061 

.8810813 

20 

28 

80 

.0633172 

.0063734 

.8723813 

20 

28 

88 

.0688172 

.0073183 

.8614717 

20 

28 

00 

.0688172 

.0082328 

.846608 

20 

28 

08 

.0683172 

.0001274 

.8223883 

30 

20 

38 

. 0666667 

.0018307 

.0083120 

30 

20 

60 

.9666667 

.0028808 

.0034631 

30 

20 

68 

.0666667 

.0036082 

.8080623 

30 

20 

70 

. 0666667 

. 0048073 

.8010414 

30 

20 

73 

. 0666667 

.0038880 

.8848733 

30 

20 

80 

. 0666667 

.0064042 

.  8764300 

30 

20 

88 

.0666667 

.0074046 

.8638404 

30 

20 

00 

.0666667 

.0082017 

.8814030 

30 

20 

08 

.0666667 

.9001364 

.8278338 

72 


E**/-  .  IS 


. 9<  «P< .93  BARGE 


X 

T 

CL  PROP 

UPPER 

LOWER 

13 

12 

SB  .9230769 

.980384 

.7967273 

13 

12 

60  .9230769 

.9829817 

.7866843 

13 

12 

68  .9230769 

. 9853 1 1 1 

.7736034 

14 

13 

SS  .9288714 

.9819584 

.8102808 

14 

13 

60  .928S714 

.9841876 

.8008313 

14 

13 

65  .9285714 

.9863332 

. 7003867 

14 

13 

70  . 928S7 14 

. 9884386 

.7786643 

IS 

14 

SS  .9333333 

.9831300 

.8221507 

IS 

14 

60  .9333333 

.9832339 

.8132233 

IS 

14 

63  .9333333 

.9872371 

.8033468 

IS 

14 

70  .9333333 

.9892239 

.7022316 

16 

IS 

SS  .9373 

.9841936 

.8326343 

16 

IS 

60  .9378 

.9861304 

.8241660 

16 

IS 

65  .9373 

.9880488 

.8148017 

16 

15 

70  .9373 

.989894 

.8042722 

16 

IS 

73  .9373 

.9916889 

.7021700 

17 

16 

SS  .9411768 

.9831184 

.841046 

17 

16 

SO  .9411768 

.9869598 

.8330016 

17 

16 

63  .9411765 

.9887478 

.8240087 

17 

16 

70  .9411763 

.9904836 

.8140814 

17 

16 

73  . 94 1 1765 

.902176 

.8034304 

18 

17 

S3  .9444444 

.9830392 

.8302776 

18 

17 

60  .9444444 

.9876798 

.8426168 

18 

17 

63  .9444444 

.9893696 

.8341372 

18 

17 

70  .9444444 

.9910118 

.8245823 

18 

17 

73  .9444444 

.902609 

.8135881 

18 

17 

80  .9444444 

.9041038 

.8003331 

19 

18 

S3  .9473684 

.9860744 

. 8377738 

19 

18 

60  .9473684 

.9883244 

.8304644 

19 

18 

63  .9473684 

. 9809262 

.8423672 

19 

18 

70  .9473684 

.0014829 

.8332383 

19 

18 

75  .9473684 

.9020067 

.8227268 

19 

18 

80  .9473684 

.9044701 

.810233 

20 

18 

S3  .9 

.9352136 

.8030403 

20 

18 

60  .9 

.9383870 

.7980023 

20 

18 

63  .9 

.9620240 

.780273 

20 

18 

70  .9 

.’9653332 

.7703170 

20 

.  18 

73  .9 

.9602208 

.7683666 

20 

18 

80  .9 

. 97308S8 

.7582348 

22 

20 

S3  . 9090909 

.0302067 

.8227261 

22 

20 

60  .9090909 

. 0623603 

.8133048 

22 

20 

S3  .9090909 

.9634083 

.8073266 

22 

20 

70  .9090909 

.9687108 

.7082072 

22 

20 

73  .9090909 

. 97204S6 

.7870631 

22 

20 

80  .9090909 

.0733602 

.7737762 

22 

20 

8S  .9090909 

.0793307 

.760712 

23 

21 

S3  .9130433 

.9610712 

.8300768 

23 

21 

60  .9130433 

.9640123 

.8230164 

23 

21 

63  .9130433 

.0670071 

. 81S2428 

23 

21 

70  .9130433 

.9700814 

.8063336 

23 

21 

73  .9130433 

.0732710 

.7963721 

73 


£■♦/-.  13 


P<  .93 

BABQE 

V 

T 

CL 

PBOP 

CPPEB 

LOWEB 

23 

21 

80 

.0130433 

.0766343 

.7848108 

23 

21 

as 

.0130433 

.0802308 

.7702811 

24 

22 

S3 

.0166667 

.9626974 

.8368431 

24 

22 

60 

.0166667 

.9633182 

.8300347 

24 

22 

68 

.0166667 

. 9683804 

.8223334 

24 

22 

70 

.0166667 

.0713368 

.814132 

24 

22 

73 

.0166667 

.0743032 

.8043113 

24 

22 

80 

.0166667 

.0776181 

.703148 

24 

22 

as 

.0166867 

.0810024 

.7790803 

29 

23 

S3 

.02 

.0641031 

.8430010 

29 

23 

60 

.02 

. 9660028 

.8363184 

29 

23 

as 

.02 

.9606603 

.8202733 

23 

23 

70 

.02 

.9724000 

.8211337 

23 

23 

73 

.02 

.0734270 

.8118336 

23 

23 

80 

.02 

.0788222 

.8008631 

23 

23 

S3 

.02 

.0818378 

.7872303 

28 

24 

S3 

.0230760 

.0653736 

.8488804 

26 

24 

60 

.9230760 

.0681809 

.8423263 

23 

24 

63 

.9230760 

.9708334 

.8333228 

26 

24 

70 

.0230760 

.0733361 

.8276680 

26 

24 

73 

.0230760 

.0763804 

.8186604 

26 

24 

80 

.0230760 

.070336 

. 8080288 

26 

24 

as 

.0230760 

.982363 

.7048303 

26 

24 

00 

. 9230760 

.0861376 

.7771063 

27 

23 

S3 

.0230230 

.0668516 

.8342374 

27 

23 

60 

. 0230230 

.9603631 

.8481088 

27 

23 

63 

.9230230 

.0710188 

.8413200 

27 

23 

70 

.0230230 

.9749416 

.8337231 

27 

23 

73 

. 0230230 

.9772610 

.823008 

27 

23 

80 

.9230230 

.9801277 

.8146063 

27 

23 

89 

. 9230239 

.0832136 

.8010077 

27 

23 

00 

.9230230 

. 0866767 

.7847001 

28 

26 

39 

.9283714 

.068038 

.8302633 

28 

26 

60 

.9283714 

.9704611 

.8333007 

28 

26 

63 

.9289714 

.0720269 

.8467413 

28 

26 

70 

.9283714 

.0734363 

.830371 

28 

26 

73 

.0288714 

.0780801 

.8300101 

28 

26 

80 

.9283714 

.9808436 

.8200171 

28 

26 

83 

.0283714 

.0838212 

.8083063 

28 

26 

00 

.0289714 

.0871381 

.7017033 

20 

27 

33 

.0310343 

.0601424 

. 8630408 

20 

27 

60 

.0310348 

.9714820 

.8381666 

29 

27 

63 

.0310349 

.0738643 

.8917066 

20 

27 

70 

.9310343 

. 9763078 

.8446466 

20 

27 

73 

.0310349 

.0788412 

. 8364448 

20 

27 

80 

.9310349 

.0815096 

. 826733 

20 

27 

83 

.9310349 

.0843848 

.8146806 

20 

27 

00 

.0310343 

.0876061 

.7084309 

30 

27 

33 

.9 

.0432416 

. 8200608 

30 

27 

60 

.0 

.9484166 

.8238026 

30 

27 

63 

.0 

.9316002 

.8170388 

30 

27 

70 

.0 

.0331208 

.8004831 

30 

27 

73 

.9 

.088764 

.8008373 

30 

27 

80 

.0 

.9626023 

.7007006 

30 

27 

83 

.0 

.0670641 

.7781668 

74 


£■♦/- 

.  IS 

P<  .95 

BAJfQE 

M 

r 

CL 

PBOF 

OPPBB 

LOWCB 

30 

27 

90 

.9 

.9721838 

.7814086 

30 

28 

55 

.9333333 

.9701732 

.8683181 

30 

28 

80 

. 9333333 

. 9724385 

.8827124 

30 

28 

85 

.9333333 

.9747393 

.8865293 

30 

28 

70 

.9333333 

.9771018 

.8498871 

30 

28 

75 

.9333333 

.9798513 

.8416212 

30 

28 

80 

.9333333 

.982131 

.8321873 

30 

28 

85 

.9333333 

.9849101 

.8204705 

30 

28 

90 

. 9333333 

.9880239 

.804674 

75 


£■♦/- . IS 


.8 3<»P<-9  BAJfGE 


K 

14 

14 

15 
IS 
IS 
18 
18 
18 
18 
17 
17 
17 

17 

18 


T 

12 

12 

13 

13 

13 

14 
14 
14 

14 

15 
IS 
IS 
IS 
18 
18 


CL  PHOP 
SS  .8871429 
80  .8871429 
SS  .8888887 
80  .8888887 
88  .8688887 


SB 

80 

88 

70 

SS 

80 

88 

70 

SS 

80 


.878 

.878 

.878 

.878 

.8823829 

.8823829 

.8823829 

.8823829 


UPPEB 
.9389289  . 
.9407111  . 
.9402198  . 
.9448909  . 
.9492809  . 
.9439714  . 
.9481899 
.9824801  . 
.9888808  . 
.  9472799 
.9812369  . 
.9882696  . 
.9684146 


.8888889  .9802198 
.8888889  .9839811 


18 

18 

68  .8888880  .9877738 

18 

18 

70  .8888889  .9616914 

18 

18 

78  .8888880  .9887809 

19 

17 

SS  .8947388  .0828483 

19 

17 

60  .8947388  .0883989 

19 

17 

88  .8947368  .960012 

19 

17 

70  .8947368  .9637280 

19 

17 

78  .8947368  .9678820 

20 

17 

SS  .88  .9173778 

20 

17 

60  .88  .9222008 

20 

17 

68  .88  .9271718 

20 

17 

70  .88  .032282 

20 

17 

73  . 88  . 9377066 

23 

20 

88  .8608632  .0284269 

23 

20 

60  .8698682  .0328410 

23 

20 

88  .8898632  .9388012 

23 

20 

70  .8898682  .941237 

23 

20 

73  .8698682  .9480833 

23 

20 

80  .8698682  .9810082 

24 

21 

88  .878  .9314348 

24 

21 

80  .873  .9383829 

24 

21 

88  .878  .9394688 

24 

21 

70  .873  .943742 

24 

21 

78  .878  .9482738 

24 

21 

80  .873  .9331774 

24 

21 

88  .878  .9886401 

28 

22 

SS  .88  .9342002 

28 

22 

80  .88  .9379941 

28 

22 

68  .88  .9419202 

28 

22 

70  .88  .9480281 

28 

22 

73  . 88  . 9803779 

28 

22 

80  .88  .9880888 

28 

22 

88  .88  .9603314 

28 

23 

SB  .8840184  .936781 

26 

23 

60  .8848184  .0404027 

26 

23 

68  .8840184  .9441804 

26 

23 

70  .8846184  .9481302 

LOVES 
7200638 
7188887 
7488278 
7338819 
.7249243 
.7606483 
.781182 
.7407431 
.7291402 
. 773836 
.7647831 
.7848491 
.  7437636 
.7888829 
.  7770033 
.7678081 
.7868008 
.7447097 
. 7062993 
.7880201 
.7780228 
. 7687S8S 
.737 l SOB 
. 7490488 
.7413848 
.7310763 
.7213381 
. 7006836 
.7808828 
.7731778 
. 784788 1 
. 7883803 
.7447061 
.7321863 
.7808401 
.782116 
. 7739788 
.764911 
.7348833 
.742462 
.7278897 
. 7978878 
.7903784 
. 782808 
. 7737294 
. 7837278 
.7819818 
.7373301 
.8049882 
. 7980388 
.7904149 
.7819122 


76 


UUUUUUUUUMDHMHMUHtJUUUMMlilUUMMUWMUMHUMMIlUMUUMMUMIJMUUUUtItIH  *fl 


B**/-  .  IS 


.9  BAJiQB 


T 

CL 

pbop 

OPPBB 

LOWBB 

23 

73 

.8840134 

.0323170 

.7722173 

23 

00 

.8040134 

.0308401 

.7008230 

23 

08 

.8840134 

.0018800 

.7408008 

23 

33 

.8818810 

.0004182 

.7707471 

23 

00 

.8818810 

.0137810 

.7038830 

23 

03 

.8318310 

.0182737 

.735713 

23 

70 

.8818310 

. 0230470 

.740084 

23 

73 

.8318810 

.0281082 

. 7370003 

23 

80 

.8818810 

. 0337828 

.7234041 

23 

03 

.8818310 

.040142 

.7112303 

24 

S3 

. 8888880 

.0301114 

.8118033 

24 

00 

. 8888880 

. 0420300 

.8031300 

24 

08 

. 8888880 

.0402710 

707770 1 

24 

70 

. 8888880 

.0300774 

.7803233 

24 

73 

.8888880 

.9341111 

.7801203 

24 

80 

. 8888880 

.9384720 

.  7000030 

24 

03 

. 8888880 

.0033301 

.7334414 

24 

S3 

.8371420 

.0120013 

.7783343 

24 

00 

.8371420 

.0108781 

.7713800 

24 

03 

.8371420 

.9212400 

.7030323 

24 

70 

.8871420 

.0238484 

.7334002 

24 

73 

.8371420 

. 9307803 

.743820 

24 

80 

.8371420 

.9302002 

.7348301 

24 

83 

.8371420 

. 0423303 

.7200013 

2S 

33 

.8020371 

.0413018 

.  81B3272 

23 

00 

.8028871 

. 0440084 

.8117000 

29 

08 

.8028871 

.0482113 

. 8040277 

23 

70 

.8028871 

.0318834 

. 7000203 

28 

73 

.8028871 

.0387743 

.7874031 

23 

80 

.8028371 

.0300817 

. 7707340 

23 

88 

.0028371 

. 0040032 

.7033143 

23 

90 

.8028371 

.0701321 

.743834 

23 

S3 

.802000 

.913730 

.7888480 

23 

00 

. 802000 

.0197802 

.7790714 

23 

08 

.802000 

. 9230004 

.7710833 

23 

70 

.002000 

.028432 

.7034087 

23 

78 

.802000 

.0332238 

.7340202 

23 

80 

.802000 

.0384581 

.743030 

23 

88 

.802000 

.9443811 

. 7203477 

20 

S3 

.8008317 

.9433401 

.8243301 

20 

00 

.8008317 

.9400221 

.817007 

20 

03 

.8003817 

.080010 

.8110303 

20 

70 

.8003817 

. 083803 

.8032082 

20 

73 

.8008317 

.0873213 

.7043023 

20 

80 

.8008817 

.0013847 

.7830810 

20 

83 

.8008817 

.0080071 

.7710738 

20 

90 

.8008817 

.9712038 

.733808 

20 

38 

.  8000007 

.9188730 

. 7020780 

20 

80 

. 8000007 

.0224802 

. 7800877 

20 

03 

.8000007 

.0288717 

. 7788733 

20 

70 

. 8000007 

.9308791 

.7708440 

20 

73 

. 8008007 

. 0384002 

.7017131 

20 

80 

.8000007 

.9408302 

.7310004 

20 

88 

.8000007 

.9402832 

.7378027 

20 

90 

.8000007 

.9331443 

.7203804 

77 


!•♦/-. 15 

. 8<-P< .88  HAHQX 


M 

T 

CL 

PSOP 

OPPSB 

LOWU 

13 

11 

SB 

.8461338 

.9309743 

.709046 

13 

11 

60 

.8461338 

.0361136 

.698830 

IS 

12 

SB 

.8 

. 8897032 

.6732433 

IS 

12 

60 

.8 

.8930191 

.6626841 

IS 

12 

68 

.6 

. 9023608 

.6311206 

16 

13 

SB 

.8128 

.8966026 

.6921110 

16 

13 

60 

.8123 

. 9023338 

.6619837 

16 

13 

68 

.  8 12S 

.0088069 

.6709423 

17 

14 

S3 

.8238294 

. 9028470 

.7089297 

17 

14 

60 

. 8239204 

. 9083608 

.6092318 

17 

14 

68 

.8233204 

.9140766 

.688640 

17 

14 

70 

.8233294 

. 9200604 

.6760132 

18 

13 

S3 

. 8333333 

.9083104 

.7240138 

18 

IS 

60 

.8333333 

.  913S28 

.714713 

18 

IS 

63 

.8333333 

.9189330 

.7043391 

18 

13 

70 

.8333333 

.0246008 

.6032837 

10 

16 

33 

.8421033 

.9131908 

.7376170 

10 

16 

60 

. 84210S3 

.0181431 

.7286808 

10 

16 

68 

.8421033 

.9232743 

.7180311 

10 

16 

70 

. 84210S3 

.0280478 

.7080893 

10 

16 

78 

.8421033 

. 9343S32 

. 693788 

20 

16 

SS 

.8 

.8771772 

. 6937303 

20 

16 

60 

.8 

. 8829332 

. 086700 1 

20 

16 

63 

.8 

.8880919 

.6708628 

20 

16 

70 

.8 

. 8083798 

.6639733 

20 

16 

73 

.8 

.0022432 

.6336033 

24 

20 

33 

. 8333333 

. 8979382 

. 7436438 

24 

20 

60 

.8333333 

.9027913 

.7387632 

24 

20 

08 

.8333333 

.9078301 

.7271374 

24 

20 

70 

. 8333333 

.9132138 

.7176082 

24 

20 

78 

. 8333333 

.9180393 

.7067741 

24 

20 

80 

. 8333333 

.9232632 

.6941208 

23 

20 

33 

.8 

. 8683708 

.7101634 

28 

20 

60 

.8 

. 8739034 

.7021872 

2S 

20 

63 

.8 

.8790318 

. 0934986 

23 

20 

70 

.8 

.8886371 

. 6838803 

23 

20 

73 

.8 

.8921726 

. 673000 

23 

20 

80 

.8 

.8903821 

.6603411 

23 

21 

S3 

.84 

. 9020734 

.7333611 

28 

21 

SO 

.84 

.9067418 

.7487273 

23 

21 

68 

.84 

.911614 

. 7373868 

23 

21 

70 

.84 

.9167397 

.7281244 

23 

21 

78 

.84 

.922283 

.7176132 

23 

21 

80 

.84 

. 9283384 

.7033298 

23 

21 

S3 

.84 

.9382010 

. 6002930 

26 

21 

S3 

. 8078923 

.8737138 

. 7207024 

26 

21 

60 

.8078923 

.8780113 

.7120363 

26 

21 

68 

.8076923 

. 8843600 

.7043143 

26 

21 

70 

. 8076923 

.8001728 

.6931641 

26 

21 

78 

.8076923 

. 8964462 

.0843838 

26 

21 

80 

.8076923 

.9033831 

.6722372 

26 

22 

S3 

. 8461S38 

.9088901 

. 7623708 

78 


IS 

.8<-P<.88  BAHQB 


I 

Y 

CL 

PBOP 

OPPEB 

LOWES 

20 

22 

00 

.8401338 

.9103834 

. 7940096 

20 

22 

03 

.8401338 

.9190742 

.74688 

20 

22 

70 

.8401338 

.9200273 

.7378910 

20 

22 

73 

.8401338 

.9293400 

.7270879 

20 

22 

80 

.8401338 

.9311081 

.7197900 

20 

22 

83 

.8401338 

.9377006 

.7011303 

2? 

22 

S3 

.6148140 

. 8784082 

.7309049 

27 

22 

00 

.8148146 

.8834839 

.7220772 

27 

22 

03 

.8148148 

.8887488 

.7147098 

27 

22 

70 

.8148148 

.804349 

.7090746 

27 

22 

73 

.8148148 

.9003931 

.609379 

27 

22 

80 

.8148148 

.9070812 

.6833710 

27 

22 

83 

.8148146 

.9147421 

.0087107 

26 

23 

S3 

.8214280 

.8828779 

.7300441 

28 

23 

00 

.8214280 

.8877228 

.7323249 

28 

23 

03 

.8214280 

.8928077 

.7243403 

28 

23 

70 

.8214280 

.8982114 

.7194883 

28 

23 

73 

.8214280 

.9040409 

.7094024 

28 

23 

80 

.8214280 

.9109040 

.0037028 

28 

23 

83 

.8214280 

.9178098 

.0704721 

29 

24 

33 

.8273802 

.8809784 

.7481801 

29 

24 

00 

.8273802 

.8010030 

.7410038 

29 

24 

03 

.8273802 

.8969809 

.733292 

29 

24 

70 

. 8273802 

.9018049 

.7240710 

29 

24 

73 

.8273802 

. 9074449 

.7149033 

29 

24 

80 

. 8273802 

.0130844 

.7034970 

29 

24 

83 

.8273802 

. 0208244 

. 6809908 

30 

24 

38 

.8 

.8022189 

.720322 

30 

24 

00 

.8 

.8072913 

.7131149 

30 

24 

03 

.8 

.8726302 

.7092047 

30 

24 

70 

.8 

.8783400 

.0009701 

30 

24 

73 

.8 

.8849344 

.680793 

30 

24 

80 

.8 

.8914220 

.0793111 

30 

24 

88 

.8 

.899308 

.0613048 

30 

23 

38 

. 8333333 

. 8908008 

.7961808 

30 

23 

00 

.8333333 

.8093373 

.7492920 

30 

23 

08 

. 8333333 

.9000908 

.7410820 

30 

23 

70 

. 8333333 

.9091922 

. 7332833 

30 

28 

73 

.8333333 

.9100124 

. 7237008 

30 

23 

80 

.8333333 

.9100484 

.7126309 

30 

23 

83 

.8333333 

.9239906 

. 0990303 

79 


K»*/- . IS 


. 7<  »P< . 8  BAMQZ 


1 

T 

CL 

P10P 

OPPKH 

L0WK8 

14 

11 

ss 

.7887143 

.881008 

.0310303 

14 

11 

00 

.7887143 

.8883300 

.8408408 

IS 

11 

SB 

.7333333 

. 83S2980 

.0032808 

IS 

11 

00 

.7333333 

.8428288 

. S02374S 

lfl 

12 

SB 

.78 

.84370 

. 8290720 

10 

12 

SO 

.78 

. 8S2018 

.013481 

10 

12 

OS 

.78 

.8003842 

. 0040882 

17 

12 

ss 

. 70S8824 

. 804000 

. S89240S 

17 

12 

00 

.7088824 

.8127101 

.S740309 

17 

12 

OS 

.7088824 

. 8208S19 

. 9037823 

17 

13 

ss 

.7047080 

.8830933 

.8402290 

17 

13 

00 

.7047080 

.8017878 

.8301332 

17 

13 

OS 

.7047080 

.8888370 

. 82S1S08 

18 

13 

S3 

.7222222 

.8101238 

.0003013 

18 

13 

00 

.7222222 

. 8234S1 

.9004204 

18 

13 

ss 

.7222222 

.8311070 

. S8S0204 

18 

13 

70 

.7222222 

. 830307S 

.3737430 

18 

14 

ss 

. 7777778 

.8032047 

.0044131 

18 

14 

so 

. 7777778 

.8000408 

. 094003S 

18 

14 

OS 

.7777778 

.8783241 

.044123 

18 

14 

70 

. 7777778 

.8833034 

.032444 

10 

14 

SS 

.7308421 

.8200407 

. 02SS088 

10 

14 

00 

.7308421 

.8330183 

.0138704 

10 

14 

OS 

.7308421 

.8403371 

. 80S4131 

10 

14 

70 

.7308421 

.8481702 

. S038040 

\9 

IS 

SS 

.7804737 

.  870S04S 

.0808333 

10 

IS 

00 

. 7804737 

. 8708S83 

.071400 

10 

IS 

OS 

.7804737 

.8830007 

.0012730 

10 

IS 

70 

. 7804737 

.880712 

.0300021 

20 

14 

SS 

.7 

.7013408 

.9011109 

20 

14 

00 

.7 

.7087200 

.3810239 

20 

14 

OS 

.7 

.800910 

.3713420 

20 

14 

70 

.7 

.8148050 

.9800420 

20 

IS 

SS 

.75 

.8340014 

. 0428000 

20 

IS 

SO 

.78 

.8410 

.0339430 

20 

IS 

OS 

.78 

.8489092 

.8234198 

20 

IS 

70 

.78 

.8980479 

.0122404 

20 

20 

SS 

.7002308 

. 840S084 

.8707040 

20 

20 

00 

.7002308 

.8403073 

.8717024 

20 

20 

08 

.7002308 

.8824839 

. 0030800 

20 

20 

70 

.7002308 

.8900178 

.0934731 

ao 

ao 

78 

.7003308 

.8001177 

.0420333 

20 

20 

80 

.7002308 

.8740208 

.8300317 

27 

20 

SS 

.7407407 

.8130007 

. 0820733 

27 

20 

00 

.7407407 

.8200031 

.0440847 

27 

20 

ss 

.7407407 

.8209474 

.0394122 

27 

20 

70 

. 7407407 

.8334733 

. 0298015 

27 

20 

78 

.7407407 

. 84102S8 

.01900 

27 

20 

80 

.7407407 

.8404823 

.0020001 

27 

21 

SS 

. 7777778 

. 840S0S8 

. 000084 

27 

21 

80 

. 7777778 

.8921047 

.0831092 

27 

21 

OS 

. 7777778 

.8980070 

.0747188 

80 


gm  +  /- .  13 


7<  ”P< . 8  BAMQK 

H  T  CL 

27 
27 

27 
22 

28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

30  21  98 

30  21  80 

30  21  89 

30  21  70 

30  21  79 

30  21  80 

30  21  89 

30 
30 
30 


prop  oppra  LOWSB 

7777778  .8684032  .8693404 
7777778  .8712992  .6347808 
7777778  .8788816  .642484 

7142897  .788817  .6266308 

7142897  .7091477  .6188011 
7142897  .8018604  .6100841 
7142897  .8000828  .600600 

7142897  .8160893  .9800601 
.7142897  .8298662  .3776388 
.73  .8207018  .6637771 
.73  .8268044  .6930846 
.73  .8320383  .6473208 
.73  .8306300  .638189 

.73  .8460204  .6276702 
.73  .8330088  .613463 

8643818  .6006614 
8321834  .7014211 
8373032  .603833 

8632000  .6893733 
8603013  .6764441 
8760001  .666131 

8833723  .6341332 
,8018712  .6303308 
.7002018  .6387388 
.8024236  .630070 

.8080281  .6223626 
.8150221  .6132021 
.8233718  .6028666 
.8321640  .3007886 
.8421868  .3761676 
.8271116  .6747231 
.8328273  .6671105 
.8388714  .6388306 
.8493482  .6407378 
.8324121  .6304617 
.8003004  .6273243 
.6604771  .6130330 
.8873770  .7111703 
.8620146  .7037838 
.8681339  .6037369 
.6868313 

7031034  .8804230  .6767682 
7031034  .8873419  .6630337 
7031034  .8087342  .6807832 
.7  .7730811  .6196018 
.7  .7703906  .607808 

.7  .7860618  .3003324 
.7  .7032834  .3003711 
.7  .8012082  .3800309 
.7  .8101331  .368137 

.7  .8203892  .3837108 
.7333333  .8032330  .6300007 
.800203  .6429032 
.8133078  .8342736 


21 
21 
21 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 


70 

73 

80 

S3 

60 

69 

70 
73 
80 
99 
60 
63 
70 
73 
80 
83 
99 
60 
63 
70 
73 
80 
83 
33 
60 

69 

70 
73 
80 
83 
39 
90 
03 
70 
73 
80 
83 
99 
60 
99 
70 
73 
80 
83 


.73 
.7837143 
.7837143 
.7837143 
.7837143 
.7837143 
.7837143 
.7837143 
.7241370 
.7241370 
.7241370 
.7241370 
.7241370 
.7241370 
.7241370 
. 7386207 
. 7386207 
.7386207 
.7386207 
.7386207 
.7386207 
.7386207 
.7031034 
.7031034 
.7031034 
.7031034  .8740231 


22  39 

32  90  .7333333 

22  69  .7333333 


81 


.  !■♦/-. IS 


.?<■?<• 8  BJUfOE 

■  T  CL 

30  22  TO 

30  23  TS 

30  22  80 

30  22  88 

30  33  S8 

30  23  80 

30  23  88 

30  33  TO 

30  33  TS 

30  23  80 

30  33  as 


PROP  UPPER  LOWER 
.7333333  .8222888  .833202 
. T333333  . 8207022  .0148043 
.7333333  .8380228  .8031808 
. T333333  .84TT284  .3868212 
. 7866667  .8330003  .6840708 
.7666667  .8388401  .8773601 
.7606887  .8443067  .6684008 
.7886667  .8806700  .6603811 
.7666667  .8873118  .0603338 
.7666667  .8681374  .638888 
.7666667  .8740286  .6246721 


82 


£■♦/*.  173 

P  -  1.00  RANGE 


M 

T 

CL 

PROP 

UPPER  LOWER 

3 

3 

00 

1 

.8323332 

0 

0 

03 

1 

.8304810 

7 

7 

70 

1 

.8410823 

a 

8 

73 

1 

.8408004 

0 

0 

80 

1 

.830231 

10 

10 

83 

1 

.8271073 

11 

11 

83 

1 

.8413874 

12 

12 

00 

1 

.8234042 

13 

13 

00 

1 

. 8370777 

14 

14 

00 

1 

.8483420 

13 

13 

00 

1 

.8370030 

10 

10 

03 

1 

.8202303 

17 

17 

03 

1 

.8384330 

18 

18 

03 

1 

.8400824 

10 

10 

03 

1 

.8341314 

20 

20 

03 

1 

.8008017 

21 

21 

03 

1 

.8070341 

22 

22 

03 

1 

.8720040 

23 

23 

00 

1 

. 8778700 

24 

24 

03 

1 

.8820338 

23 

23 

03 

1 

.8870710 

20 

20 

03 

1 

.8011007 

27 

27 

03 

1 

.8040808 

28 

28 

03 

1 

.8083343 

20 

20 

03 

1 

.0018334 

30 

30 

03 

1 

.0040001 

i 


83 


!■♦/-. 173 

. 03<  «P< 1 . 00  BANOE 


ir 

T 

CL 

phop 

EPPEB 

LOWES 

20 

10 

S3 

.03 

.0873364 

.8643308 

20 

10 

60 

.08 

.0880040 

.8373677 

20 

10 

68 

.03 

.0004273 

. 8408204 

20 

10 

70 

.08 

.0010071 

.8410817 

20 

10 

73 

.08 

. 0033486 

.8310133 

20 

10 

60 

.03 

.0047430 

.8100306 

20 

10 

83 

.03 

.0061008 

.804100 

20 

10 

00 

.08 

. 0074387 

.7838030 

21 

20 

S3 

.082381 

. 0870338 

. 8707267 

21 

20 

60 

.032381 

.0604304 

.8640273 

21 

20 

68 

.082381 

.0008812 

.8866017 

21 

20 

70 

.032381 

.0022000 

.6482217 

21 

20 

73 

.032381 

.0036616 

.8383613 

21 

20 

80 

.082381 

.0040034 

.8270636 

21 

20 

88 

.032381 

.0062043 

.8127107 

21 

20 

00 

.082381 

.0073604 

.7032746 

22 

21 

S3 

.0343433 

.088481 

.8763371 

22 

21 

60 

.0343483 

.0800084 

. 8600274 

22 

21 

63 

.0843433 

.901204 

.8627078 

22 

21 

70 

.0343433 

.00264 

.8347486 

22 

21 

73 

.0343433 

.0030488 

.8484631 

22 

21 

80 

.0843433 

.0032222 

.8344114 

22 

21 

as 

.0843433 

.0064626 

. 8206076 

22 

21 

00 

.0843483 

.0076712 

.8018770 

23 

22 

S3 

.0863217 

.0880701 

.8813178 

23 

22 

60 

.0383217 

.000343 

.8733373 

23 

22 

68 

.0663217 

.0016700 

.6684812 

23 

22 

70 

.0368217 

. 0020380 

.8607382 

23 

22 

73 

.0368217 

.0042111 

.8318036 

23 

22 

80 

.0363217 

.0034206 

.8411308 

23 

22 

88 

.0863217 

.0066161 

.8273304 

23 

22 

00 

.0863217 

. 0077723 

.8007061 

24 

23 

S3 

.0383333 

. 0804388 

.8862632 

24 

23 

60 

.0583333 

.0007436 

.8803134 

24 

23 

68 

.0383333 

.0020166 

.8737131 

24 

23 

70 

.0883333 

.0032312 

.866234 

24 

23 

73 

.0383333 

.0044316 

.8376434 

24 

23 

80 

.0383333 

.0036106 

.8473807 

24 

23 

88 

.0383333 

.0067360 

.8348432 

24 

23 

00 

. 0383333 

.0078631 

.8171076 

24 

23 

03 

.0383333 

.0080486 

.7887008 

2S 

24 

38 

.06 

.0808362 

.8006474 

23 

24 

60 

.06 

.001114 

.8840117 

23 

24 

68 

.06 

.0023346 

.8788481 

23 

24 

70 

.06 

.0038204 

.87138 

23 

24 

73 

.06 

. 004673 

.8630412 

23 

24 

80 

.06 

.0037048 

.8831336 

28 

24 

83 

.06 

.0068864 

. 8407333 

23 

24 

00 

.06 

. 0070304 

. 8238703 

23 

24 

08 

.06 

. 0080878 

.7064847 

26 

23 

S3 

.0613383 

.0002448 

.8047046 

26 

23 

60 

.0613388 

.0014344 

.6801681 

84 


K«*/- . 179 

.  03<»P<1.00  BABQE 


M 

T 

CL 

PBOP 

UPPEB 

LOWEB 

20 

28 

08 

.0018388 

.0020284 

.8830212 

20 

28 

70 

.0018388 

.0037088 

.8700724 

20 

28 

78 

.0818388 

.0048773 

.8080440 

20 

28 

80 

.0018388 

.0080880 

.8884002 

20 

28 

88 

.0018388 

.0070080 

.8404770 

20 

28 

00 

.0018388 

.0080201 

.8301888 

20 

28 

08 

.0018388 

.0000208 

.8030322 

27 

20 

88 

.002003 

.0000041 

.8084718 

27 

20 

00 

.002003 

.0017000 

.8031212 

27 

20 

08 

.002003 

.0020008 

.8871704 

27 

20 

70 

.002003 

. 0030080 

.8804000 

27 

20 

78 

.002883 

.0080000 

.8720083 

27 

20 

80 

. 002003 

.0001034 

.8034313 

27 

20 

88 

.002003 

.0071107 

.8818233 

27 

20 

00 

.002003 

.0081021 

.8300280 

27 

20 

08 

.002003 

.0000828 

.8102008 

28 

27 

88 

.0042887 

.0000382 

.0010788 

28 

27 

00 

.0042887 

.0020023 

.  8000022 

28 

27 

08 

.0042887 

.0031831 

.8010824 

28 

27 

70 

.0042887 

.0042128 

.8843401 

28 

27 

78 

.0042887 

.0082424 

.8770310 

28 

27 

80 

.0042887 

.0002442 

.8080878 

28 

27 

88 

. 0042887 

.0072108 

. 8808000 

28 

27 

00 

.0042887 

.0081008 

.8414020 

28 

27 

08 

.0042837 

. 0000002 

.8103248 

2S 

28 

88 

.0033172 

.0012403 

.0032814 

20 

28 

00 

.0033172 

.0023340 

. 0002383 

20 

28 

08 

.0088172 

. 8033888 

.8040084 

20 

28 

70 

. 0088172 

.8044118 

.8883074 

20 

28 

78 

.0038172 

.0084001 

.8810818 

20 

28 

80 

.0083172 

.0083734 

.8723813 

20 

28 

88 

.0033172 

.0073183 

.8014717 

20 

28 

00 

.0038172 

.0082328 

.840008 

20 

28 

08 

.0088172 

.0001274 

.8223883 

30 

20 

38 

.0000007 

.0018307 

.0083120 

30 

20 

00 

.0000007 

.0028803 

.0034831 

30 

20 

08 

.0000007 

.0038082 

.8080323 

30 

20 

70 

.0000007 

.8048073 

.8010414 

30 

20 

78 

. 0000007 

.0038380 

.8848738 

30 

20 

80 

.0000007 

.0084042 

.8704300 

30 

20 

88 

.0000007 

.0074040 

.8088404 

30 

20 

00 

.0000007 

.0082817 

.8814030 

30 

20 

08 

.0000007 

.0001384 

. 8278333 

£«♦/- . 178 

.  9<»P< .95  BASSE 


V 

T 

CL 

PBOP 

OPPEB 

LOOKS 

10 

9 

SS 

.9 

.9748331 

.7413034 

10 

9 

00 

.9 

.9779329 

.7200119 

13 

11 

SS 

.9100007 

. 9789832 

.7810837 

13 

11 

00 

.9100007 

.9813707 

.7703831 

13 

11 

08 

.9100007 

.9840908 

. 7S8S024 

13 

11 

70 

.9100007 

.9803481 

.7453051 

13 

13 

SS 

. 9230709 

. 980S84 

. 7907273 

13 

13 

00 

.9230709 

.9839817 

.7808843 

13 

13 

08 

. 9230709 

.9833111 

.7790094 

13 

13 

70 

.9230709 

.9878704 

.7831807 

13 

13 

7S 

.9230709 

.9887809 

.7480889 

14 

13 

SS 

. 928S714 

. 9819S84 

.8102808 

14 

13 

00 

.9383714 

.9841878 

.8008313 

14 

13 

OS 

.9283714 

. 0803332 

.7003807 

14 

13 

70 

.9280714 

.9884880 

. 778004S 

14 

13 

75 

.9283714 

.9903074 

.7032200 

15 

14 

SS 

.9333333 

.9831309 

.8221307 

IS 

14 

00 

.9333333 

.9833339 

.8132233 

IS 

14 

SS 

. 9333333 

.8872371 

.8033488 

IS 

14 

70 

.9333333 

.9882239 

.7022910 

IS 

14 

78 

.9333333 

.9911374 

.7705120 

IS 

14 

80 

. 9333333 

.9930000 

.7044310 

10 

IS 

SS 

.  937S 

.9841930 

.8320349 

10 

IS 

00 

.9378 

.9801504 

.8241000 

10 

IS 

08 

.9378 

.9880488 

.8148017 

10 

IS 

70 

.937S 

. 989804 

. 8042722 

10 

IS 

73 

.9379 

.9610889 

.7021700 

10 

IS 

80 

.9375 

. 9934300 

. 7778289 

17 

10 

SS 

.9411709 

.9891184 

.841040 

17 

10 

00 

.9411709 

. 9809S98 

.8330010 

17 

10 

OS 

.9411709 

. 9887478 

.8240087 

17 

10 

70 

.9411709 

.9904890 

.8140814 

17 

10 

78 

.9411709 

.902170 

.8034904 

17 

10 

80 

.9411708 

.9938219 

. 7807809 

17 

id 

86 

.9411709 

.9994240 

772703 

10 

17 

SS 

.9444444 

. 0830392 

.8002770 

18 

17 

00 

.9444444 

. 9870798 

.8420108 

18 

17 

OS 

.9444444 

.9893090 

.8341372 

18 

17 

70 

.9444444 

.9910118 

.8240829 

18 

17 

75 

.9444444 

.092009 

.8139881 

18 

17 

80 

.9444444 

.9941838 

.8008331 

18 

17 

88 

.9444444 

. 9990782 

.7842832 

10 

18 

SS 

.9473084 

.9880744 

. 8977798 

10 

18 

00 

.9473084 

.9883244 

. 8904044 

10 

18 

08 

.9473084 

. 9899302 

.  8423072 

10 

18 

70 

.9473084 

.9914829 

.  8332383 

10 

18 

73 

.9473084 

. 9929007 

.8227208 

10 

18 

80 

.9473084 

.9044701 

.810239 

10 

18 

88 

.9473884 

. 90S00S2 

.7040710 

10 

18 

90 

.9473084 

. 997304 

.7730298 

30 

18 

SS 

.9 

.9992130 

.8090403 

30 

18 

00 

.9 

.9989879 

.7980029 
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>r< .05 
3 

BAMOK 

T 

CL 

20 

18 

03 

20 

18 

70 

20 

18 

73 

20 

18 

80 

20 

18 

88 

22 

20 

SB 

22 

20 

00 

22 

20 

03 

22 

20 

70 

22 

20 

78 

22 

20 

80 

22 

20 

as 

22 

20 

00 

23 

21 

S3 

23 

21 

80 

23 

21 

03 

23 

21 

70 

23 

21 

73 

23 

21 

80 

23 

21 

as 

23 

21 

00 

24 

22 

S3 

24 

22 

80 

24 

22 

03 

24 

22 

70 

24 

22 

73 

24 

22 

80 

24 

22 

83 

24 

22 

00 

23 

23 

S3 

23 

23 

80 

23 

23 

03 

23 

23 

70 

23 

23 

73 

23 

23 

80 

23 

23 

83 

23 

23 

00 

20 

24 

S3 

20 

24 

80 

20 

24 

83 

20 

24 

70 

20 

24 

73 

20 

24 

80 

20 

24 

88 

20 

24 

90 

20 

24 

03 

27 

28 

33 

27 

28 

00 

27 

28 

83 

27 

23 

70 

27 

28 

73 

27 

23 

80 

27 

23 

88 

27 

28 

00 

27 

28 

03 

ftor  0PPKB  LOWBB 
.0  .9030240  .780273 

.0  .0088832  .7703170 
.0  .0002208  .7083000 
!o  .0730838  .7832348 
.8  .0772333  .730032 

.9000000  .0302007  .8227301 
.9000000  .0023003  .8133048 
.0000000  .0034083  .8073200 
.8000000  .0087108  .7082072 
.0000000  .0720430  .7870031 
.0000900  .0733002  .7737702 
.0000008  .0703307  .700712 

.0000000  .0830021  .7403411 
.9130433  .0010712  .8300708 
.0130433  .0040123  .8230104 
.0130433  .9070071  .8132428 
.0130433  .0700814  .8003330 
.0130433  .0732710  .7003721 
.0130433  .0700343  .7848108 
.0130433  .0802308  .7702011 
.0130433  .0843233  .7307307 
.9100007  .9020074  .8308431 
.0100007  .0033182  .8300347 
.0100007  .8083884  .8223334 
.0100007  .8713308  .814132 

.8100007  .0743032  .8043113 
.0100007  .0770181  .703148 

.0100007  .0810024  .7700808 
.8100007  .0840870  .700100 

.02  .0041031  .8430010 
.02  .0000028  .8303184 
.92  .0000003  .8202733 
.02  .0724000  .8211337 
.02  .9734270  .8118330 
.02  .0783222  .8008031 
.92  .0818370  .7872303 
.02  .0835004  .7080001 
.8230700  .8083730  .8488804 
.8230700  .0081803  .8423203 
.8230700  .0708334  .8333228 
.0230700  .0733301  .8270080 
.0230700  .0703804  .8180004 
.0230700  .070380  .8080288 

.8230700  .082303  .7048308 

.0230700  .0801370  .7771003 
.0230700  .0003448  .7480072 
.0230230  .9008810  .8542374 
.0230280  .8003031  .8481088 
.0230250  .0710188  .8413200 
.0230280  .9743410  .8337231 
.0230280  .9772010  .823008 

.0280288  .9801277  .8140003 
.0230280  .9832130  .8010077 
.9230230  .9800707  .7847001 
.0230230  .0000002  .7371018 
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><  .85 

BAUDS 

M 

T 

CL  PBOP 

28 

26 

93  .8289714 

28 

20 

60  .8289714 

28 

26 

09  .0283714 

26 

20 

70  .8263714 

28 

26 

73  .8268714 

26 

26 

80  .8268714 

28 

26 

68  .8289714 

28 

26 

80  .8288714 

26 

26 

88  .8288714 

28 

27 

36  .8310349 

28 

27 

60  .8310348 

28 

27 

63  .8310349 

28 

27 

70  .0310349 

28 

27 

73  .0310349 

20 

27 

8Q  .0310349 

26 

27 

88  .8310349 

28 

27 

80  .8310343 

28 

27 

63  .8310349 

30 

27 

33  .6 

30 

27 

90  .8 

30 

27 

68  .8 

30 

27 

TO  .8 

30 

27 

73  .8 

30 

27 

80  .8 

30 

27 

63  .8 

30 

27 

60  .8 

30 

27 

68  .8 

30 

28 

93  .0333333 

30 

28 

60  .0333333 

30 

26 

03  .8333333 

30 

28 

70  .8333333 

30 

28 

73  .8333333 

30 

28 

80  .0333333 

30 

28 

88  .8333333 

30 

28 

80  .8333333 

30 

28 

80  .8333333 

OBPIB 
. 808036 
,8704611 
,  8738209 
.8794903 
.8780601 
.  8808436 
.8836212 
.8671961 
.8812286 
.8681424 
.8714628 
.  8736643 
.  8763076 
.8786412 
.8613086 
.8843848 
.8876001 
.8813362 
.8452416 
.0434166 
.8916882 
.8991288 
. 868704 
. 8626823 
.8670041 
.8721836 
.8768828 
.8701732 
. 8724369 
.8747383 
.8771016 
.3783913 
.882131 
.8848101 
.8880238 
.8818218 


LOWEB 
.8962693 
.8333087 
.8487419 
.838371 
.8308181 
.6208171 
.8089063 
.7817833 
. 7648639 
. 8638408 
.8981666 
.8517866 
. 8446460 
.8364448 
.820733 
.8146808 
.7884383 
.7723383 
. 8208608 
.8238020 
.8170388 
.8084891 
.  8008373 
.7807006 
.7781668 
.7614066 
.7347116 
.8683161 
.8627124 
.8369283 
.8489871 
.8416212 
.8321873 
.8204703 
.  804674 
.7782048 
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.89OK.0  SAMQK 


M 

T 

CL 

TROT 

LOWEB 

S 

8 

99 

. 8888880 

.0720782 

.7194800 

14 

12 

99 

.8871420 

.0390280 

.7200030 

14 

12 

00 

.8871420 

.0407111 

.7188887 

14 

13 

09 

.8971420 

.0488808 

.7070037 

14 

12 

70 

.8871420 

. 0900080 

. 0042788 

19 

13 

98 

.8000007 

.0402108 

.7488270 

19 

13 

00 

.8000007 

. 0440000 

.7398810 

19 

13 

09 

.8000007' 

.0402800 

.7240243 

19 

13 

70 

.8080087 

.0830401 

.7127988 

19 

13 

79 

.8000007 

.0988197 

.0080101 

10 

14 

98 

.878 

.0430714 

.7000493 

10 

14 

00 

.873 

.0481000 

.791192 

10 

14 

08 

.879 

.0824901 

.7407431 

10 

14 

70 

.879 

.0808909 

.7201402 

10 

14 

79 

.879 

.0014242 

.7190200 

10 

14 

80 

.879 

.0082912 

.700430 

17 

19 

99 

.8823920 

.0472700 

.773830 

17 

19 

00 

.8823920 

.0912300 

.7047831 

17 

19 

09 

.8823920 

.0992008 

.7948401 

17 

19 

70 

.8823920 

.0904148 

.7437090 

17 

19 

79 

.8823920 

.0037218 

.7311328 

17 

19 

80 

.8823820 

.0882001 

.7102083 

18 

10 

98 

. 8888880 

.0902109 

.7890920 

18 

10 

00 

. 8888880 

.0830011 

.7770033 

18 

10 

08 

. 8888880 

. 0377738 

.7079091 

18 

10 

70 

. 8888880 

.0010014 

. 7908008 

18 

10 

79 

. 8888080 

. 0087000 

.7447007 

18 

10 

80 

. 8888880 

. 0700838 

.7308798 

10 

17 

88 

.0047308 

.0928483 

. 7002003 

10 

17 

00 

.8047308 

.0903000 

.7880201 

10 

17 

08 

.8047308 

.000012 

.7780228 

10 

17 

70 

.8047308 

. 0037290 

. 7087988 

10 

17 

78 

. 8047308 

. 0078820 

.7971908 

10 

17 

80 

. 8047308 

.0710908 

.7434032 

10 

17 

88 

. 8047308 

. 0700300 

. 7200909 

30 

17 

99 

.88 

.0179778 

.7400480 

20 

17 

00 

.89 

.0222008 

.7413048 

20 

17 

89 

.89 

.0271718 

.7310703 

20 

17 

70 

.88 

.032282 

.7219381 

20 

17 

78 

.88 

.0377000 

.7000830 

20 

17 

80 

.89 

.0439822 

.0098132 

20 

17 

88 

.89 

.0801399 

. 078827 

23 

20 

SB 

.8008092 

.0284280 

. 7808028 

23 

30 

00 

.0009092 

.0329410 

.7731778 

23 

20 

08 

.8008082 

.0388012 

.7047981 

23 

20 

70 

.0009092 

.041287 

.7993803 

23 

20 

78 

.8009082 

. 0490833 

.7447001 

23 

20 

80 

.8009082 

.0910082 

.7321803 

23 

20 

88 

.8008082 

. 0807083 

.7108073 

23 

20 

00 

.8008082 

.0034837 

. 0003044 

34 

21 

39 

.879 

.0314348 

.7808401 

24 

21 

80 

.079 

. 0393820 

.782110 
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X 

r 

24 

21 

24 

21 

24 

21 

24 

21 

24 

21 

24 

21 

28 

22 

28 

22 

28 

22 

28 

22 

28 

22 

28 

22 

28 

22 

28 

22 

20 

23 

28 

23 

28 

23 

20 

23 

28 

23 

20 

23 

28 

23 

20 

23 

27 

23 

27 

23 

27 

23 

27 

23 

27 

23 

27 

23 

27 

23 

27 

23 

27 

24 

27 

24 

27 

24 

27 

24 

27 

24 

27 

24 

27 

24 

27 

24 

28 

24 

28 

24 

28 

24 

28 

24 

28 

24 

28 

24 

28 

24 

28 

24 

28 

28 

28 

28 

28 

28 

26 

28 

28 

28 

28 

28 

28 

28 

28 

28 

20 

23 

.  ITS 

CL  PBOP  OPPEB 
OS  .878  .8394088 
70  .878  .043742 
TS  .878  .0482738 
80  .878  .0831774 
88  .878  .0880401 
00  .878  .0080488 
88  . 88  . 8342002 
00  .88  .0370841 
08  .88  .8410202 
70  .86  .0400281 
78  . 68  . 8803778 
80  .66  .0880800 
88  .88  .8803314 
00  .88  .0004704 
88  .8848184  .030781 
00  .8840134  .0404027 
08  .8840184  .9441804 
70  .8648184  .0481302 
78  .8848184  .9823170 
80  .8640184  .0808481 
88  .8840184  .0018800 
00  .8640184  .0078 
38  .8818810  .0004182 
80  .8818810  .0137818 
08  .8818810  .0182737 
70  .6818810  .0230470 
78  .6818810  .0281082 
80  .8818810  .0337828 
88  .8818810  .040142 
00  .8818819  .0477088 
33  .8888880  .0301114 
00  .8888880  .0428300 
08  .8888880  .0402710 
70  .6888880  .0800774 
78  .8888880  .0841111 
80  .8888880  .0884720 
83  .6888880  .0033301 
00  .8888880  .0000208 
88  .8871420  .0128018 
80  .6871420  .0188781 
88  .6871420  .0212408 
70  .6871420  .0288484 
78  .8871420  .0307603 
80  .8871420  .0302002 
68  .8871420  .0423303 
00  .8871420  .0400000 
88  .6028871  .0413018 
80  .6028871  .0448084 
88  .8028371  .0482118 
70  .8028871  .0818834 
78  .8028871  .0887748 
80  .8028871  .0300617 
88  .8028871  .0848082 
00  .8028871  .0701321 
38  .882000  .918730 


LOWES 
.7730788 
.704011 
.  7848833 
.742402 
.7278307 
.7077202 
.  7078378 
.  7003784 
. 782800 
.  7737204 
.  7037278 
.7810618 
.7378301 
.7182803 
.8040882 
.7080388 
.7004140 
.7810122 
.7722173 
.7808280 
.7408008 
.7281011 
.7707471 
. 7838080 
.733713 
.740084 
.7370003 
.7284041 
.7112308 
.8023748 
.8118038 
.8081308 
.7077701 
.7808288 
.7801208 
. 7000838 
.7884414 
. 7372840 
.7788843 
.7718800 
.7030823 
.7884002 
.748820 
.7348301 
.7200018 
.7023107 
.8183272 
.8117080 
. 8040277 
. 7000208 
.7874081 
.7707340 
.7833148 
.748834 
.7888488 
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BASSE 

s 

T 

CL 

PBOF 

OPPEB 

28 

23 

60 

.862068 

.8187802 

28 

23 

63 

.862060 

.8230884 

28 

28 

70 

. 862068 

.028482 

20 

28 

73 

. 862068 

.0332238 

28 

28 

80 

. 862060 

.8384381 

20 

28 

83 

. 862060 

.8443811 

20 

23 

00 

. 862068 

.0814788 

28 

26 

S3 

.8868817 

.8433401 

20 

26 

60 

.8868317 

.8466221 

20 

26 

63 

.8863317 

.830016 

20 

26 

70 

.8068317 

.833363 

28 

26 

73 

.8068317 

.8373213 

28 

26 

80 

.8063317 

.8613847 

20 

26 

as 

.8863317 

.8638071 

20 

26 

80 

.8863317 

.0712038 

20 

26 

88 

.8063317 

.8781367 

30 

26 

S3 

. 8666667 

.8183736 

30 

26 

60 

. 8666667 

.8224882 

30 

26 

63 

.  8666667 

.8263717 

30 

26 

70 

. 8666667 

.0308701 

30 

26 

73 

.  8666667 

.8334062 

30 

26 

80 

. 8666667 

.  04C3362 

30 

26 

83 

. 8666667 

.8462832 

30 

• 

26 

80 

.8666667 

.8331443 

30 

26 

88 

. 8666667 

.8624464 

LOWES 
.7780714 
.7718335 
.7834037 
.7340282 
.743036 
.7285477 
.7118284 
.8243361 
.817887 
.8110368 
.8032632 
.7043823 
.7838316 
.7710738 
.733863 
.7264848 
.7826786 
. 7860877 
. 7788733 
. 7708448 
.7817131 
.7310084 
. 7378627 
.7203864 
. 682783 
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V 

T 

CL 

10 

a 

S3 

13 

u 

S3 

13 

n 

00 

13 

u 

83 

13 

n 

70 

13 

12 

SB 

13 

12 

00 

pbop  topes  lows 

.8  .0101174  .032287 

.8401338  .0300743  .700040 

.8401338  .0301130  .008030 

.8401338  .0413380  .0807422 
.8401038  .0407300  .0732843 
.8  .8807032  .0732433 
.8  .8080101  .0820341 


13 

IS 

10 

10 

10 

10 

10 

17 

17 

17 

17 

17 

18 
18 
18 
18 
18 
18 
10 
10 
10 
10 
10 
10 
20 
20 
20 
20 
20 
20 
24 
24 
24 
24 
24 
24 
24 
23 
23 
23 
23 
23 
23 
23 
28 


12 

88 

.8 

12 

70 

.8 

13 

38 

.8123 

13 

00 

.8123 

13 

08 

.8123 

13 

70 

.8123 

13 

73 

.8123 

14 

S3 

.8233204 

14 

00 

.8233204 

14 

03 

.8233204 

14 

70 

.8233204 

14 

73 

.8233204 

13 

S3 

. 8333333 

13 

00 

.8333333 

13 

03 

. 8333333 

IS 

70 

. 8333333 

.0023000  .0811200 
.000138  .038301 

.8000020  .0021110 
.0023388  .0810837 
.0083000  .0700423 
.0140311  .0387117 
.0217030  .0448813 
.0028470  .7080207 
.0083008  .0002318 
.0140700  .088040 

.0200004  .0700132 
.0204300  .0030233 
.0083104  .7240138 
.013328  .714713 

.0180380  .7043301 
.0240008  .0032887 


IS  73  .8333333  .0300177  .0800071 

13  80  .8333333  .0371308  .0033873 

10  38  .8421033  .0131008  .7370170 

10  00  .0421083  .0181431  .7200800 

10  OS  .8421033  .0232743  .7180311 

10  70  .8421033  .0288478  .7080808 

10  73  .8421033  .0343332  .008788 

18  80  .8421033  .0403381  .0814002 

18  33  .8  .8771772  .0037303 

18  00  .8  .8820832  .0807001 

18  03  .8  .8880010  .0788028 

18  70  .8  .8033708  .0030733 

18  73  .8  .0022432  .0830033 

18  80  .8  .0007803  .8303381 

20  S3  .8333333  .8070382  .7430438 

20  00  .8333333  .0027013  .7337032 

20  08  .8333333  .0078801  .7271374 

20  70  .8333333  .0132138  .7170082 

20  73  .8333333  .0180303  .7007741 

20  80  .8333333  .0282832  .8041208 

20  83  .8333333  .0324128  .0780480 

20  S3  .8  .8088708  .7101834 

20  00  .8  .8730034  .7021872 

20  03  .8  .8700313  .0034000 

20  70  .8  .8880871  .0838803 

20  73  .8  .8021720  .873000 

20  80  .8  .8003821  .0003411 

20  83  .8  .0070401  .0440000 

21  38  .84  .0020734  .7333011 
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P<  .83 

Bjurax 

H 

T 

CL 

PBO  P 

tJPPXB 

LOWES 

29 

21 

80 

.84 

.0007418 

.7487273 

29 

21 

08 

.84 

.011814 

.7373808 

29 

21 

70 

.84 

.0187307 

.7281244 

29 

21 

78 

.84 

.022283 

.7170132 

29 

21 

80 

.84 

. 0283384 

.7033203 

29 

21 

88 

.84 

.0332010 

. 0002030 

29 

21 

00 

.84 

. 0434304 

.0703023 

20 

21 

98 

.8070023 

.8737133 

.7207024 

20 

21 

00 

.8070023 

.8780113 

.7120808 

20 

21 

08 

.8070023 

. 8843000 

.7043148 

20 

21 

70 

. 8070023 

.8001728 

.0031041 

20 

21 

78 

.8070023 

.8004402 

.0848838 

20 

21 

80 

. 8070023 

.0033881 

. 0722372 

20 

21 

88 

.8070023 

.0113338 

.037222 

20 

21 

00 

.8070023 

.0210131 

.0374084 

20 

22 

88 

.8401338 

.0038001 

.7023708 

20 

22 

00 

.8401838 

.0103834 

.7340000 

20 

22 

08 

.8401338 

.0130742 

.74088 

20 

22 

70 

.8401338 

.0200273 

.7378010 

20 

22 

78 

.8401338 

.0233400 

.7270873 

20 

22 

80 

.8401338 

.0311081 

.7137300 

20 

22 

88 

.8401338 

. 0377000 

.7011303 

20 

22 

00 

.8401338 

.0430871 

.0817901 

27 

22 

98 

.8148148 

.8784882 

.7303049 

27 

22 

00 

.8148148 

. 8834833 

.7220772 

27 

22 

08 

.8148148 

. 8887488 

.7147008 

27 

22 

70 

.8148148 

.804348 

. 7080740 

27 

22 

73 

.8148148 

.0003031 

. 008370 

27 

22 

80 

.8148148 

.0070812 

.0833710 

27 

22 

88 

.8148148 

.0147421 

.0087107 

27 

22 

00 

.8148148 

.0240027 

.0403800 

28 

23 

98 

.8214280 

. 8828770 

.7300441 

28 

23 

00 

.8214280 

.8877228 

.7323243 

28 

23 

08 

.8214280 

.8928077 

.7243403 

28 

23 

70 

.8214280 

.8082114 

.7134883 

28 

23 

79 

.8214280 

.0040400 

.7094024 

28 

23 

80 

.8214280 

.0103040 

.0037028 

28 

23 

88 

.8214280 

.0178038 

.0704721 

28 

23 

00 

.8214280 

.0208832 

.0003084 

20 

24 

98 

.8273802 

.8800784 

.7481801 

20 

24 

00 

.8273802 

.8010030 

.7410038 

20 

24 

09 

.8273802 

.8003800 

.733202 

20 

24 

70 

.8279802 

.0018048 

.7240710 

20 

24 

79 

.8273802 

.0074440 

.7140033 

20 

24 

80 

.8273802 

.0130844 

.7034070 

20 

24 

89 

.8279802 

.0208244 

.0808903 

20 

24 

00 

.8273802 

. 020808 

.0711278 

30 

24 

99 

.8 

.8022180 

.720322 

30 

24 

00 

.8 

.8072013 

.7131143 

30 

24 

08 

.8 

.8720302 

.7032047 

30 

24 

70 

.8 

.8783400 

.0009701 

30 

24 

73 

.8 

.8849344 

.080733 

30 

24 

80 

.8 

.8014220 

.0733111 

30 

24 

83 

.8 

. 800308 

.0013048 

30 

24 

00 

.8 

.0001234 

.0420011 
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s 

r 

CL 

10 

7 

S3 

10 

7 

S3 

14 

11 

38 

14 

11 

60 

14 

11 

63 

14 

11 

70 

13 

11 

33 

IS 

11 

60 

13 

11 

68 

13 

11 

70 

16 

12 

S3 

16 

12 

60 

16 

12 

63 

16 

12 

70 

16 

12 

73 

17 

12 

S3 

17 

12 

60 

17 

12 

63 

17 

12 

70 

17 

12 

73 

17 

13 

S3 

17 

13 

60 

17 

13 

63 

17 

13 

70 

17 

13 

73 

18 

13 

33 

18 

13 

60 

18 

13 

63 

18 

13 

70 

18 

13 

73 

18 

14 

38 

18 

14 

60 

18 

14 

63 

18 

14 

70 

18 

14 

73 

18 

14 

80 

10 

14 

33 

10 

14 

60 

10 

14 

63 

10 

14 

70 

10 

14 

73 

10 

14 

80 

10 

IS 

S3 

10 

13 

60 

10 

13 

68 

10 

13 

70 

10 

13 

78 

10 

13 

80 

20 

14 

SB 

20 

14 

60 

20 

14 

63 

20 

14 

70 

PSOP  OPPEH  LOWEB 
.7  .8332322  .3207413 
.7  .8332322  .3207413 
.7837143  .881808  .6310383 

.7837143  .8883360  .6408463 
.7887143  .8082200  .0287861 
.7837143  .0024606  .6154631 
.7333333  .8332386  .6032808 
.7333333  .8428288  .3023743 
.7333333  .8307626  .380343 

.7333333  .8301762  .3673236 
.73  .84370  .6280726 

.73  .882018  .613481 

.73  .8003842  .6040882 
.73  .8682068  .3013333 
.73  .8768181  .3774203 
.7038824  .804006  .3832403 

.7038824  .8127161  .5740363 
.7038824  .8208313  .3637823 
.7038824  .8205333  .3313237 
.7038824  .8380333  .3377833 
.7647030  .8330333  .0462233 
.7647030  .8617878  .6361332 
.7647030  .8688370  .6231308 
.7647030  .8763031  .6130341 
.7647030  .8843304  .3004228 
.7222222  .8161238  .6063013 
.7222222  .823431  . 5004204 

.7222222  .8311676  .3836264 
.7222222  .8303073  .3737436 
.7222222  .8483234  .3804008 
.7777778  .8632647  .6644131 
.7777778  .8606468  .6346038 
.7777778  .8763241  .644123 

.7777778  .8833034  .632444 

.7777778  .8000037  .6102773 
.7777778  .8003301  .6030781 
.7368421  .8260467  .6233088 
.7368421  .8330183  .6138704 
.7368421  .8403371  .6084131 
.7368421  .8481702  .3038046 
.7368421  .8666370  .3800447 
.7368421  .8660644  .5680321 
.7804737  .8703043  .6808333 
.7804737  .8766383  .671460 

.7804737  .8830007  .6612736 
.7804737  .880712  .6300021 

.7804737  .8060261  .637273 

.7804737  .0046382  .6224731 
.7  .7013468  .5011108 
.7  .7087206  .3816238 
.7  .806316  .3713426 

.7  .8148636  .3600426 
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P<  .8 

RAJfOE 

V 

T 

CL 

PSOP 

0PPS8 

lowks 

20 

14 

7S 

.7 

. 8238838 

.347387 

20 

14 

80 

.7 

.8341278 

.3327361 

20 

10 

SB 

.78 

.8340814 

. 6428606 

20 

IS 

80 

.73 

.8418 

.6338438 

20 

15 

88 

.73 

.8488882 

.6234138 

20 

IS 

70 

.73 

.8880473 

.8122404 

20 

IS 

7S 

.73 

.8841214 

.3808813 

20 

IS 

80 

.73 

. 8730738 

.3831007 

20 

20 

38 

. 7882308 

.8408884 

. 8707846 

20 

20 

80 

.7882308 

.8483873 

.6717824 

20 

20 

88 

.7882308 

.8324838 

. 6630888 

20 

20 

70 

.7882308 

. 8S80178 

.6334731 

20 

20 

75 

.7882308 

.8881177 

.8426333 

20 

20 

80 

.7882308 

.8740208 

.6300317 

20 

20 

8S 

.7802308 

.8831884 

.8147281 

20 

20 

00 

.7802308 

.8844028 

.3048482 

27 

20 

ss 

.7407407 

.8130007 

.8320733 

27 

20 

80 

.7407407 

.8200031 

.8440347 

27 

20 

8S 

.7407407 

.8288474 

.6334122 

27 

20 

70 

.7407407 

.8334733 

.8238515 

27 

20 

73 

.7407407 

.8410238 

.61308 

27 

20 

80 

.7407407 

.8404823 

.6028081 

27 

20 

as 

.7407407 

. 8383033 

.3874841 

27 

20 

00 

.7407407 

.8714788 

. 307808 

27 

21 

ss 

. 7777778 

.8483838 

.880084 

27 

21 

80 

. 7777778 

.8321047 

.6831032 

27 

21 

88 

. 7777778 

. 8880878 

.8747168 

27 

21 

70 

. TTTT7T4 

. 8844032 

. 8833404 

27 

21 

78 

.7777778 

.8712832 

.6847808  ' 

27 

21 

80 

. 7777778 

.8788818 

.842484 

27 

21 

88 

. 7777778 

.8878878 

.627336 

27 

21 

00 

. 7777778 

.8083142 

.8070018 

28 

20 

SS 

.7142887 

.788817 

.6266308 

28 

20 

80 

.7142837 

.7831477 

.8180811 

28 

20 

80 

.7142837 

.8018804 

.8100841 

28 

20 

70 

.7142887 

.8080828 

. 600800 

28 

20 

73 

.7142887 

.8188833 

. 388060 1 

28 

20 

80 

.7142887 

.8238882 

.3776388 

28 

20 

8S 

.7142887 

.8382273 

. 3627247 

28 

20 

00 

.7142837 

.8481480 

.3432601 

28 

21 

38 

.73 

.8207818 

.6837771 

28 

21 

80 

.73 

.  8286844 

. 8388840 

28 

21 

86 

.73 

. 8328383 

.6473208 

28 

21 

70 

.73 

.  8388308 

.638188 

28 

21 

73 

.73 

. 8460284 

. 6278702 

28 

21 

80 

.73 

.8380088 

.613463 

28 

21 

88 

.73 

.8648818 

.6006014 

28 

21 

00 

.73 

. 8783308 

.3812724 

28 

22 

38 

.7837143 

.8321834 

.7014211 

28 

22 

SO 

.7887143 

.8373832 

.083833 

28 

22 

88 

.7887143 

. 8632888 

.8833733 

28 

22 

70 

.7887143 

.8683813 

.8704441 

28 

22 

73 

.7887143 

.8780081 

.606131 

28 

22 

80 

.7837143 

. 8833723 

.6341332 

28 

22 

SS 

.7837143 

.8818712 

.6303308 

96 
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M 

T 

CL 

PBOP 

CPPEB 

LOWEB 

28 

22 

90 

.7837143 

.9023182 

.8203301 

20 

21 

S3 

.7241379 

.7982918 

.8387388 

29 

21 

80 

.7241370 

.8024236 

. 630079 

29 

21 

83 

.7241370 

.8089281 

.8223626 

29 

21 

70 

.7241379 

.8139221 

.6132921 

20 

21 

73 

: 7241379 

.8233718 

. 8028686 

29 

21 

80 

.7241379 

8321049 

.3007886 

29 

21 

88 

.7241379 

.8421888 

.3761676 

29 

21 

90 

.7241379 

.8840781 

.3370641 

29 

22 

33 

.7388207 

.8271118 

.6747231 

29 

22 

80 

.7388207 

.8328273 

.6871103 

20 

22 

83 

.7388207 

.8388714 

.6388366 

29 

22 

70 

.7388207 

.8433482 

.6407378 

29 

22 

73 

.7388207 

.8324121 

.6304617 

29 

22 

80 

.7388207 

.8803094 

.6273243 

29 

22 

83 

.7388207 

.8804771 

.3130330 

20 

22 

00 

.7388207 

. 8808299 

. 3940341 

29 

23 

S3 

.7931034 

.8373770 

.7111703 

20 

23 

80 

.7031034 

8626148 

.7037838 

29 

23 

83 

.7931034 

.8881333 

.6037303 

29 

23 

70 

.7931034 

.8740231 

.6868313 

29 

23 

73 

.7931034 

.8804230 

.6767682 

29 

23 

80 

.7931034 

.8873413 

.6630337 

29 

23 

83 

.7931034 

.8937342 

.6307832 

29 

23 

90 

.7031034 

. 9038442 

.6320048 

30 

21 

S3 

.7 

.7730311 

.0130018 

30 

21 

80 

.7 

. 7793306 

.607808 

30 

21 

83 

.7 

.7860818 

.3003324 

30 

21 

70 

.7 

.7932834 

.300371 1 

30 

21 

7? 

.7 

.8012082 

.3800303 

30 

21 

80 

.7 

.8101331 

.368137 

30 

21 

83 

.7 

.8203832 

.3337108 

30 

21 

90 

.7 

. 8338738 

.3340274 

30 

22 

33 

.-7333333 

.8032339 

.6300907 

30 

22 

80 

.7333333 

.809203 

.6423032 

30 

22 

83 

.7333333 

.8133078 

.6342738 

30 

22 

70 

.7333333 

.8222868 

.623202 

30 

22 

73 

.7333333 

.8297022 

.6140043 

30 

22 

80 

.7333333 

.8380226 

.6031308 

30 

22 

86 

.7333333 

. 8477284 

.3888212 

30 

22 

90 

.7333333 

.8398142 

.3700681 

30 

23 

S3 

.7888887 

.8330003 

.6840700 

30 

23 

80 

.7888887 

.8383401 

. 677360 1 

30 

23 

83 

.7888887 

.8443067 

. 6804000 

30 

23 

70 

.7888887 

. 8308700 

.6603811 

30 

23 

73 

.7888887 

.8373118 

.6303338 

30 

23 

80 

.7888867 

.8831374 

.638838 

30 

23 

88 

.7888887 

.8740298 

.6240721 

30 

23 

90 

.7886867 

.8830128 

.6060326 

97 


98 


IS 


29 


22  24  26 

SAMPLE  SI2E,  N 


103 


106 


Appendix  D:  Marx  Computer  Program  and 
Modified  Computer  Program 


Marx  Computer  Program  : 


10 

20 

22 

30 

40 

so 

80 

70 

80 

90 

100 

no 

120 

130 

140 

130 

180 

170 

180 

190 

200 

210 

220 

230 

240 

230 

280 

270 

280 

290 

300 

310 

320 

330 

340 

330 

380 

370 

380 

390 

400 

410 

420 

430 

440 

480 


REM 

in 

in 


UK 

REM 

in 

REM 

REM 

in 

in 

in 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 


DIM  8(20) . Z (20) 
PRINT  CHR8 (12) 
PRIRT 


EXACT  CONFIDENCE  BOUNDS  FOR  PROPORTIONS 
BEST. BAS  vl.01 
12/08/87 


Copyright  1987 
Donald  L.  Marx 

University  o f  Alaska.  Anchorage 
School  of  Business 
Anehoraga ,  AX  99308 
(907)  788-1783 


DEFINITION  OP  VARIABLES 

A ( . )  -  Table  of  probabi litloa  (or  standard  normal  quantiles 
ALP  -  Tall  probbaillty  (or  March  procadv.ra 

ALPHA  -  Tall  prob.  (or  one-  or  two-sided  conddence  Interval 
C  -  Standard  normal  quantile  to  initiate  search. 

CDF  -  cumulative  distribution  (unction  (or  binomial (n ,p> 

CL  -  confidence  level  (X) .' 

DELTA  -  Stoppplng  criterion  (or  search  procedure. 

DIFF  -  Dlff.  between  calculated  and  specified  tall  probabili* 
DP  -  first  derivative  of  p  wrt  alpha  at  alpha-ALP. 

D2P  -  second  derivative  of  P  wrt  to  alpha  at  alpha>ALP. 

IX  -  Temporary  index  number. 

ITERX  -  Stoping  criterion  (or  search  procedure. 

JS  -  interactive  response. 

K  -  temporary  index  number. 

LBO  •  Lower  bound  based  on  std.  normal  approx. 

NX  -  temporary  index  number. 

NACCX  -  maximum  sample  size  (or  guaranteed  accuracy. 

PHAT  -  sample  proportion  of  ’successes'. 

Tl  -  intermediate  calculation  (i  ■  1.2,3). 

TX  -  temporary  index  number . 

UBO  -  upper  bound  based  on  std.  nornml  approx. 

XX  -  TX  or  NX  -  TX  whichever  is  smaller. 

P  -  proportion  of  ’successes’  in  population. 

PDF  -  probability  mass  function  (or  binomial (n.p) . 

3.  141392834000003 
number  of  'successes’  in  sample. 

-  table  of  standard  normal  quantiles. 


PI 

TX 

Z(. 


) 


PRINT 
480  PRINT 
470  PRINT 
PRINT 
PRINT 
PRINT 

310  QOSUB  1000:  REM  Set  default  values 

320  OOStJB  2000:  REM  Enter  data 

330  OOSDB  3000:  REM  Compute  point  estimate 

IF  TX  -  0  THEN  30STJB  4000:  REM  TX  ■  0  module 


480 

490 

300 


340 


’This  program  will  construct  exact  confidence' 
‘bounds  for  the  proportion  of  'successes’  in  a’ 
‘population  based  on  the  observation  of  y‘ 
‘‘successes*  in  n  independent  Bernoulli  trials. 
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980  IF  TX  •  MX  THEM  OOSUB  9000:  HIM  TX  •  n  module 

900  IF  TX  >  0  AMD  TX  <  MX  TBZM  00 SUB  0000 
970  PSIMT 
980  FSIMT 

900  IMPUT  'Do  you  wiah  to  Hki  another  Pun‘;J8 
000  IF  J«  >  'y*  OH  Ja  -  *y  THXM  00T0  920 
010  STSTIM 

020  HEM - - 

1000  HHM 

1010  HIM  SUB  HOOT I HE 

1020  HIM  SIT  DIF AULT  VALOIS 

1030  KIM 

1040  LIT  MACCX  -  120 
1090  LIT  DILTA  ■  .00001 

1099  LIT  ITIBX  «  10 

1000  FHIMT  'An  iterative  aearch  procedure  ia  uaed  to* 

1070  FHIMT  ‘calculate  upper  and  lower  bounde  auch  that* 

1080  FSIMT  'each  calculated  tall  probability  ia  within* 

1090  FHIMT  OSIMQ  *  a . eeeeo  of  the  apecifled  value.  If,‘;DILTA 

1100  FHIMT  ‘however,  thia  accuracy  apeclf lcation  ia  not* 

1110  FHIMT  USIMQ  ‘reached  within  •  lteratlona.  the  meaaage * ; ITEBX 
1120  FHIMT  *  MAXIMUM  ITIHATI0M8  COMFLITIS* 

1130  FHIMT  ‘ia  diaplayed  and  the  aeareh  ia  diaeontlnued. * 

1140  FHIMT  DSIMG  'Ualns  aample  alzea  greater  than  eeee  may  pro-‘:MACCX 
1190  FHIMT  ‘duee  errora  in  exeeaa  o f  apecifled  accuracy.* 

1100  FHIMT 

1190  FOB  IX  «  0  TO  19 
1200  BEAD  A < 1X1  ,2(1X1 
1210  MBIT  IX 

1220  DATA  .0001 .3.719. .0009.3.2909, .001 . 3 . 0902 , 1 0029 . 2 . 807 , . 009 . 2 . 9798 . .01 

1221  DATA  2.3283, .02.2.0937, .029,1.90, . 09 . 1 . 0449 , . 079 . 1 . 4399 , . 1 . 1 . 28 10 . . 1 29 

1222  DATA  1 . 1 903 . . 19 . 1 . 0304 , . 179 . . 9340 . . 2 . . 84 10 . . 29 . . 0748 . . 3 . . 9244 . . 39 . . 3893 

1223  DATA  . 4 . . 2933  ,  . 9 . 0 

1230  REM  The  above  data  are  taken  from  Fearaon  and  Hartley 'a 

1240  KIM  ‘Bloawtrlka  Tablea  for  Statiatlelana ' ,  3rd.  ed. , 

1290  HIM  Tablea  3  and  4.  Uaing  their  notation,  Q  and  X 

1200  HIM  are  entered  in  palra  in  increealnf  order  of  Q. 

1270  HITUHM 

1280  HIM  - 

2000  RIM 

2010  HIM  3UBB0UTIMI 

2020  HIM  IMTIB  DATA 

2030  HIM 

2040  FHIMT:  IMPUT  ‘Inter  aaaqple  aime*;Tl 

2080  IF  T1  ■  IMT(Tl)  AMD  T1  >  0  THEM  MX  ■  Tl :  GOTO  2070 

2000  FHIMT  ’Foaitive  Integer  required':  GOTO  2040 

2070  FHIMT:  IMP0T  'Inter  nuaber  of  ' aueceaaea ’ * ;T1 

2080  IF  Tl  •  IMT(Tl)  AMD  Tl  <■  MX  THU  TX  «  Tl:  GOTO  2100 

2090  FHIMT  U3IMO  ‘Foaitive  integer  <■  aeee  required . ‘ ; MX :  GOTO  2070 

2100  FHIMT:  IMPUT  ‘Confidence  level  (X)*;CL 

2110  IF  99.99  <  100* ( 1 -DILTA)  THIM  Tl  *  99.99  ELSI  LIT  Tl  -  100* ( 1 -DELTA) 
2120  IF  CL  >  90  AMD  CL  <■  Tl  THIN  HITUHM 

2130  FHIMT  USIMG  ‘lumber  between  90  and  eee.ee  required. * ;T1 
2140  00T0  2100 

2190  HIM  - 
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3000  BEM 

3010  REM  SUBBOUTISX 

3030  aXM  COMPOTE  POIHT  ESTIMATE 

3030  BXM 

3040  PHAT  ■  TX/SX 

3000  PBIIT:  PBIHT:  PBXIT 

3070  PEI ST:  PBIST:  PEXST 

3080  PBIST  ‘  POIST  ESTIMATE  POX  PBOPOBTIOSS* 

3000  PBIST 

3009  PBIST  USIHQ  'Usln*  ••••  'iweMiu'  in  ••••  trials .  the  point’ ;TX.HX 
3100  PBIST  ’estlaate  of  tho  population  proportion  is  *;PHAT 
3110  PBIST  *Th«  standard  srror  of  tbs  estimate  Is  * ;SQB(PHAT» (1-PHAT) /HX) 
3120  BETXTBS 

3130  BEM  - 

4000  BEM 

4010  BEM  SUBBOUTISX 

4020  BEM  TX  »  0  MODULE 

4030  BEM 
4040  PBIST 
4030  PBIST 

4080  PBIST  ‘Symmetric  confidsncs  lntsrval  doos  not  exist.* 

4070  PBIST 

4080  PBIST  USINQ  "Tho  so . so  x  uppor  bound  is  *;CL: 

4000  PBIST  1 - ( 1 -CL/ 100) * ( 1 /MX) 

4100  RET UBS 

4110  BXM  - 

9000  BXM  • 

9010  BEM  SUB HOOT I BE 

3020  BEM  TX  •  SB  MODULE 

3030  BXM 
3040  PBIST 
3030  PBIST 

9080  PBIHT  ’Symmetric  confidsncs  interval  doss  not  sxlst.* 

3070  PBIHT 

3080  PBIHT  OSISQ  'The  se.se  x  lower  bound  is  *;CL; 

3000  PBIST  (l-CL/100) * (1/HX) 

3100  HXTUHH 

3110  BEM - - - 

8000  BXM 

8010  BXM  SUBBOUT I HE 

8020  BXM  0  <  TX  <  HE  MODULE 

8030  BXM 

8040  PBIST:  PBIST:  PBIHT 
*8080  PBIHT:  PBIHT:  PBIHT 
8080  PBIHT:  PBIHT:  PBIHT 
8070  PBIHT  'Select  an  option:* 

8080  PBIHT 

8000  PBIHT  *1.  Sytasetrle  confidence  Interval’ 

8100  PBIHT  *2.  Upper  bound’ 

8110  PBIHT  *3.  Lower  bound’ 

8120  IHPUT  TX 
8130  IP  TX  <  l  SOTO  8000 
8140  IF  TX  >  3  GOTO  8000 
8130  LET  TX  •  IHT(TX) 

8180  PBIST:  PBIST:  PBIST 
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8100  FBI XT  •  POINT  ESTIMATES  POB  PROPORTIONS’ 

8200  PRINT 

8210  PRINT  OSINS  ’Uaing  ****  ’lueetMti'  in  ••••  trial*,  th*  point* ;TX. NX 

8220  PBIHT  'utiiiti  of  th*  population  proportion  la  "  ; PHAT 

8230  PBINT  ‘Th*  atandard  *rror  of  th*  eatiaat*  ia  * ;SQB(PHAT» ( 1-PHAT) /NX) 

8240  PBINT:  PBINT:  PBINT 

8290  PBINT:  PBINT:  PBINT 

8280  PBINT  *  CONFIDENCE  BOUNDS  FOB  PROPORTIONS  * 

8270  PBINT  OSINS  *  (**.**X  confidence  level) *;CL 

8280  IF  TX  ■  1  THIN  ALPHA  ■  (100-CD/200  ELSE  ALPHA  •  l -CL/ 100 
8200  RIM 

8300  REM  SET  INITIAL  ESTIMATE  FOB  P 

8310  BEM 

8320  FOB  IX  •  1  TO  10 

8330  IF  A (IX)  >  ALPHA  SOTO  8390 

8340  NEXT  IX 

8390  LET  C  *  2(12-1) 

8380  LET  T1  -  ( ALPHA- A ( IX- 1 ) ) / < A ( IX) -Af IX- 1 > ) 

8370  LET  C  ■  Z(IX-l)  ♦  T1 • (Z ( IX) -2 ( IX- 1) ) 

8380  LET  T1  >  2*NX«PHAT  ♦  C»C 

8300  LET  T2  •  C»C  ♦  4 » PHAT* ( 1-PHAT) »NX  -  1/NX 
8400  LET  T3  »  2* (NX  ♦  C*C) 

8410  LET  UBO  »  (T1  ♦  l  ♦  C»SQB(T2  ♦  2  -  4»PHAT) ) /T3 
8420  IF  UBO  >  1  THEN  UBO  ■  1 

8430  LET  LBO  ■  <Ti  -  I  -  C*SQB(T2  -  2  ♦  4»PHAT) ) /T3 
8440  IF  LBO  <  0  THEN  LET  LBO  •  0 
8490  PBINT 

8400  IF  TX  -  1  OB  TX  -  3  THEN  SOSOB  8000:  REM  Lower  bound  aodul* 

8470  PRINT 

8480  IF  TX  >  1  OB  TX  «  2  THEN  SOSOB  7000:  REM  Upper  bound  aodul* 

84SO  RETURN 

8900  REM  - 

7000  BEM 

7010  BEM  SUBROUTINE 

7020  REM  UPPIB  BOUND 

7030  BEM 

7040  IF  2*UB0  <-  1  THEN  LET  XX  ■  TX:  ALP  -  ALPHA:  P  -  UBO 

7090  IF  2 »UB0  >  l  THEN  LET  XX  *•  NX  -  TX  -  l :  ALP  ■  1  -  ALPHA:  P  •  1  -  UBO 

7080  30SUB  9000:  REM  Search  for  P 

7070  IF  2»UB0  <•  1  THEN  PBINT  ’Upper  bound  «’;P 

7080  IF  2*UB0  >  1  THIN  PBINT  ’Upper  bound  «’;1-P 

7090  RETURN 

7100  BEM  - 

8000  REM 

8010  BEM  SUBROUTINE 

8020  BEM  LOWER  BOUND 

8030  REM 

8040  IF  2*LB0  <■  1  THEN  LET  XX  -  TX  -  1 :  ALP  •  1  -  ALPHA:  P  »  LBO 

8090  IF  2*LB0  >  l  THEN  LET  XX  ■  NX  -  TX:  ALP  ■  ALPHA:  P  -  1  •  LBO 

8080  SOSUB  9000:  REM  Search  for  P 

8070  IF  2*LB0  <•  1  THEN  PRINT  ’Lower  bound  -*;P 

8080  IF  3*LB0  >  1  THIN  PRINT  'Lower  bound  >’;1  -  P 

8090  RETURN 

8100  BEM  - 

9000  BEM 
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0010  BEM  SUBROUTINE 

0020  REM  ITERATIVE  SEARCH  FOR  P 

0030  RKM 

0040  lit  po  ■  p 

0090  FOR  IX  -  1  TO  ITXRX 
0000  LET  PDF  »  <1  -  P) *RX 
0070  IF  PDF  <  11-38  THEN  0230 
0080  LET  CDF  -  PDF 
0000  FOR  KX  -  1  TO  XX 

0100  LET  PDF  -  (MX  -  XX  *  1 1 »P»PDF/XX/ (1  -  P) 

0110  LET  CDF  >  CDF  ♦  PDF 
0120  MEET  KX 

0130  LET  DIF F  ■  ALP  -  CDF 

0140  IF  ABS(DIFF)  <«  DELTA  THEE  BETTOR 

0130  LET  DP  «  -(1  -  Pl/OTX  -  XX) /PDF 

0100  IF  DP*DIFF  ♦  P  <»  0  THEM  LET  P  ■  P/2:  OOTO  0100 

0170  IF  DP«DIFF  *  P  >-  1  THEM  LET  P  *  (1  ♦  F)/2:  GOTO  0100 

0180  LET  P  «  P  ♦  DP»DIFF 

0100  NEXT  IX 

0200  PRINT 

0210  PRINT  'MAXIMUM  ITERATIONS  COMPLETED.* 

0220  PRINT  ‘Chang*  In  bound  last  iteration  ls'iDIFF 
0240  RETURN 

0290  PRINT  ‘SAMPLE  SIZE  TOO  LARGE  OR  SAMPLE  PROPORTION  TOO' 
0280  PRINT  'NEAR  1/2  TO  COMPUTE  EXACT  BINOMIAL  DISTRIBUTION.* 
0270  LET  P  ■  PO 

0280  PRINT  'Using  tho  normal  approximation,* 

0200  RETURN 
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Modified  Computer  Program 


10  REM  EXACT  CONFIDENCE  BOOTIES  FOR  PROPORTIONS 

12  OPES  *  0 ' , • 1 . ' SAMPLES . DAT ' 

20  REM  BEST . BAS  v 1 . 0 1 

22  REM  12/08/87 

30  RSM 
40  REM 

SO  REM  Copyright  1987 

80  REM  Donald  L.  Horn 

70  REM  University  of  Alaska,  Anchorage 

80  REM  School  of  Buainoaa 

90  REM  Anchorage .  AX  99808 

100  REM  (907)  788-17BS 

110  REM 

120  REM 

130  REM 

140  REM  DEFINITION  OP  VARIABLES 

ISO  REM  A(.)  -  Table  of  probabl 1 1 tlea  for  at»--*%rd  noraal  quantiles 

100  REM  ALP  -  Tall  probbaility  for  aearch  procedure 

170  REM  ALPHA  -  Tall  prob.  for  one*  or  two-sided  confidence  Interval 

190  REM  C  -  Standard  noraal  quantile  to  initiate  aearch. 

190  REM  CDF  -  cumulative  dlatrlbution  function  for  binomial (n . p) 

200  REM  CL  -  confidence  level  (Z) . 

210  REM  DELTA  -  Stoppplna  criterion  for  aearch  procedure. 

220  REM  DIFF  -  Dlff.  between  calculated  ^nd  specified  tail  probablli 

230  REM  DP  -  flrat  derivative  of  p  art  alpha  at  alpha"ALP. 

240  REM  D2P  -  aecond  derivative  of  P  art  to  alpha  at  alpha-ALP. 

2S0  REM  IZ  -  Teaporary  index  number. 

280  REM  ITERX  -  Stoplng  criterion  for  aearch  procedure. 

270  REM  Ja  -  interactive  reaponae. 

280  REM  K  -  temporary  index  number. 

290  REM  LB0  -  Lower  bound  baaed  on  atd.  noraal  approx. 

300  REM  NZ  -  teaporary  index  number. 

310  REM  NACCZ  -  maximum  aample  alze  for  guaranteed  accuracy. 

320  REM  PHAT  -  sample  proportion  of  ’successes'. 

330  REM  Tl  -  intermediate  calculation  (1  ■  1.2,3). 

340  RSM  TZ  -  teaporary  index  number. 

3S0  REM  UB0  -  upper  bound  baaed  on  atd.  noraal  approx. 

360  REM  ZZ  -  TZ  or  NZ  -  TZ  whichever  ia  aaaller. 

370  RSM  P  -  proportion  of  'successes'  in  population. 

380  RSM  PDF  -  probability  Bass  function  for  blnoaUal (n.p) . 

390  REM  PI  -  3. 1413928S400000S 

400  REM  TZ  -  number  of  ’ successes '  in  sample. 

410  REM  Z(.)  -  table  of  standard  noraal  quantiles. 

420  DIM  A(20) ,Z(20) 

430  REM  PRINT  CKR«<12) 

440  P0R  NZ  ■  20  TO  30  STEP  2 

4U0  FOR  TZ  •  21  TO  29  STEP  2 

460  IF  TZ  <■  NZ  TREE  SOTO  470  ELSE  Q0T0  S90 

470  FOR  CL  •  39  TO  98  STEP  3 

309  LET  IZ  ■  0 

310  QOSUB  1000:  RSM  Set  default  values 

330  QOSUB  3000:  RSM  Compute  point  estlaate 

340  IF  TZ  ■  0  THEN  QOSUB  4000:  REM  TZ  a  o  module 

330  IF  TZ  •  NZ  THEN  QOSUB  3000:  REM  TZ  »  n  module 

380  IF  TZ  >  0  AND  TZ  <  NZ  THEN  QOSUB  8000 
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970  RZM  WRITS  *  1 ,  NX  .  TX  ,  CL 
980  NEXT  CL 

900  next  n 
ooo  next  fx 

909  CLOSE  •  ! 

910  STSTZM 

920  REM  - 

1000  REM 

1010  RIM  SUBROUTINE 

1020  REM  SET  DEFAULT  VALUES 

1030  REM 

1040  LET  MACCX  ■  120 
1090  LET  DELTA  -  .00001 
1099  LET  ITER*  •  10 

1180  REM 

1181  A(1 )-. 0001 : A (2) -. 0009 : A(3>«. 00 1:A(4)«. 0029 

1182  Z(1)-3.719:Z<2) -3. 2909 :Z (3) -3.0902:2(4) -2.807 

1183  A(9)-.009:A(8)-.01:A(7)-.02:A(8)>.023 

1184  Z (9) -2. 9798 : Z (9) -2. 3293 :Z (7) -2. 0937 :Z (8) -1 .99 
1189  A(9)-.09:A(10)-.079:A(11)-.1:A(12)-. 129 

1180  Z ( 9) - 1 . 0449 : Z ( 1 0 ) - 1 . 4395 :Z(11)-1.2819:Z(12)-1.1503 
1187  A (13) -. 19:A(14) -. 179:A(19) -.2:A(19>- .29 


1 188 

1189 

1190 

1191 
1221 
1222 
1223 
1230 
1240 
1290 
1200 
1209 
1270 
1280 
2190 
3000 
3010 
3020 
3030 
3040 
3090 
3070 
3080 
3090 

3099 

3100 
3110 
3120 
3130 
4000 
4010 
4020 
4030 


Z(13)-1.0394:Z(14) -.9340:2 (19)-. 8410:Z( 19) -.9749 

A(17)-.3:A(18)-.39:A(19)-.4:A(20)>.9 

Z( 17) -. 9244 :Z( 18) -.3893:2 (19)-. 2933 :Z (20) -0 

REM 

REM  2.3203. .02.2.0937, .029.1.90. .09.1.0449, .079,1.4399. . 1 . 1 . 2810 . . 129 
REM  1.1903.. 19.1.0304,. 179 , . 9340 . . 2 , . 84 10 . . 29 . . 0749 . . 3  .  . 9244 , .39  .  . 3893 
REM  .4, .2933, .9.0 

REM  Tha  abova  data  »ra  tak-n  troa  Paaraon  and  Hartlay'a 

REM  'Bioaatrika  Tablaa  for  Statiaticiana ' ,  3rd.  ad. , 

REM  Tablaa  3  and  4.  Uulng  thalr  notation,  Q  and  X 

REM  ara  antarad  in  paira  In  incraaaing  ordar  of  Q. 

REM 

RETURB 

RZM - - - 

REM - 

REM 

REM  SUBRQUTIHZ 

REM  COMPUTE  POIHT  ESTIMATE 

REM 

PHAT  ■  TZ/NX 

REM  PRINT:  PRINT:  PRINT 

REM  PRINT:  PRINT:  PRINT 

REM  PRINT  '  POINT  ESTIMATE  FOR  PROPORTIONS' 

REM  PRINT 

REM  PRINT  OSINQ  ‘TJaing  aaaa  ‘ auccaaaaa’  In  aaaa  triala,  tha  point*:!*, NX 

REM  PRINT  'aatlaata  of  tha  population  proportion  ia  * ; PHAT 

REM  PRINT  'Tha  atandard  arror  of  tha  aatimata  ia  '; SQR (PKAT» ( 1 -PHAT) /MX) 

RETURN 

RZM - 

REM 

REM  SUBROUTINE 

REM  TX  -  0  MODULE 

REM 
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4040  REM  FEINT 
4080  REM  FBI NT 

4080  BBM  FBXHT  'SyaMtrle  confidence  interval  doea  net  exiat.' 

4070  BBM  FBIHT 

4080  BBM  FBI NT  USING  "The  aa.aa  x  upper  bound  la  '.CL; 

4000  BBM  FBI NT  1- ( 1-CL/ 100) * ( i/HX) 

4008  MBITS  • 1 , 1 - ( 1-CL/ 100) * ( 1/NX) 

4100  BBTtJBB 

4110  REM  - 

8000  BBM 

9010  BBM  SUBBOUTINX 

8030  BBM  TX  •  NX  MODULE 

8030  BBM 

9040  BBM  PBINT 

9090  BBM  FBIHT 

8080  REM  FBIHT  'SyaaMtric  confidence  interval  doea  not  exlat.* 

9070  BBM  PBINT 

9080  BBM  PBINT  USING  ‘The  ee.ee  x  lower  bound  la  ‘;CL; 

9000  BBM  PBINT  ( l-CL/100) * ( 1/HX) 

9008  WRITS  #1 . (l-CL/100) * (1/NX) .NX. TX. CL 
9100  RETURN 

5110  REM - - - 

8000  BBM 

8010  BBM  SUBROUTINE 

8030  BBM  0  <  TX  <  NX  MODULE 

9030  BBM 

8040  REM:  PBINT:  PRINT 
8090  BBM:  FBIHT:  PBINT 
8080  BBM:  PRINT:  PBINT 
8070  BBM  PRINT  ’Select  an  cptlen: * 

8080  BBM  PBINT 

8000  REM  PBINT  ’1.  SyaaMtric  confidence  interval’ 

8100  REM  PRINT  ‘3.  Upper  bound' 

8110  BBM  PBINT  ‘3.  Lower  bound’ 

8130  LET  TX« 1 
8130  IF  TX  <  1  GOTO  8000 
8140  IF  TX  >  3  GOTO  8000 
8190  LET  TX  •  INT(TX) 

8180  BBM  PBINT:  PBINT:  PBINT 

8190  REM  PBINT  ’  POINT  ESTIMATES  FOB  PROPORTIONS' 

8300  REM  PBINT 

8310  BBM  PBINT  USING  'Ualng  eeee  ' aucceeaea '  in  ••••  triala.  the  point* ;TX, NX 

8330  REM  PBINT  'eetiaate  of  tbe  population  proportion  la  *;PHAT 

8330  BBM  PBINT  'The  atandard  error  of  the  eatlaate  la  ’ ;SQB(PHAT» ( 1-PHAT) /NX) 

8340  BBM  PBINT:  PRINT:  PBINT 

8390  BBM  PBINT:  PBINT:  PBINT 

8380  BBM  PRINT  '  CONFIDENCE  BOUNDS  FOR  PROPORTIONS' 

9370  BBM  PBINT  USING  '  (ee.eex  confidence  level) ':CL 

8380  IF  TX  ■  1  THEN  ALPHA  "  (100-CLJ/300  ELSE  ALPHA  «  l-CL/100 
8390  REM 

8300  BBM  GET  INITIAL  ESTIMATE  FOB  P 

8310  BBM 

8330  FOR  IX  «  1  TO  19 

8330  IF  A (IX)  >  ALPHA  GOTO  8390 

8340  NEXT  IX 
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S3S0  LET  C  -  Z(IX-i) 

0300  LET  T1  »  (ALPHA* A (IX-l))/(A(IX)-A(IX-l)) 

0370  LET  C  •  ZUX-l)  ♦  T1  •  (Z ( IX) -Z  ( IX- 1)  ) 

0300  LET  T1  -  2»HX*PHAT  ♦  C»C 

0390  LET  T2  -  C*C  ♦  4«PHAT* ( 1-PHAT) »HX  -  1/EX 
0400  LET  T3  ■  2* (EX  ♦  C»C) 

0410  LET  UBO  »  (T1  ♦  l  ♦  C*SQS(T2  ♦  2  -  4*PHAT) ) /T3 
0420  IP  UBO  >  1  THEE  OBO  -  1 

0430  LET  LBO  -  (T1  -  1  -  C»SQR(T2  -  2  ♦  4*PHAT) ) /T3 
0440  IF  LBO  <  0  THEE  LET  LBO  >  0 
0490  PBIHT 

0400  IF  TX  «  1  OB  TX  »  3  THEE  OOSUB  0000:  BEE  Lower  bound  Modulo 

0470  PBIHT 

0400  IF  TX  >  1  OB  TX  >  2  THEE  OOSUB  7000:  BEE  Oppor  bound  Modulo 

0490  RETUBH 

0500  BEE  - 

7000  BEE 

7010  BEE  SUB BO DTI WE 

7020  BEE  UPPEB  80UHD 

7030  BEE 

7040  IF  2*UB0  <■  1  THEE  LET  XX  -  TX:  ALP  ■  ALPHA:  P  »  UBO 

7090  IF  2«UB0  >  1  THEE  LET  EX  «  EX  -  TX  -  1:  ALP  *  1  -  ALPHA:  P  >  1  -  UBO 
7000  OOSUB  9000:  BEE  Search  for  P 

7070  IF  2*UBO  <«  1  THEE  WHITE  «1.P 
7000  IF  2*UBO  >  1  THEE  WRITE  *1.1-? 

7090  RETUBE 

7100  BEE - - - 

8000  BEE 

0010  BEE  SUB BOUT I EE 

0020  BEE  LOWER  BOUND 

0030  BEE 

0040  IF  2* LBO  <■  1  THEE  LET  EX  ■  TX  -  1:  ALP  >  1  -  ALPHA:  P  •  LBO 

8090  IF  2* LBO  >  1  THEE  LET  XX  *  WX  -  TX;  ALP  »  ALPHA:  P  »  1  -  LBO 

9090  OOSUB  9000:  BEE  Search  for  P 

8070  IF  2*LBO  <■  1  THEE  WHITE  • 1 . P ,HX ,TX , CL 

0080  IF  2*LBO  >  1  THEE  WRITE  *1.1  -  P.HX.TX.CL 

8090  RETUBE 

8100  BEE  - 

9000  BEE 

9010  REE  SUBBOUTIHE 

9020  BEE  ITERATIVE  SEARCH  FOB  P 

0030  REE 

9040  LET  PO  •  P 

9090  FOB  IX  ■  1  TO  ITRBX 

9090  LET  PDF  »  (1  -  P) *HX 

9070  IF  PDF  <.  IE-38  THEE  9290 

9080  LET  CDF  ■  PDF 

9090  FOB  KX  ■  1  TO  EX 

9100  LET  PDF  *  (EX  -  KX  ♦  1 ) •P»PDF/KX/ ( 1  -  P) 

9110  LET  CDF  ■  CDF  ♦  PDF 
9120  BEET  KX 

9130  LET  DIFF  •  ALP  -  CDF 

9140  IF  ABS (DIFF)  <■  DELTA  THEE  RETUBH 

9190  LET  DP  ■  -(1  -  P) / (EX  -  XX) /PDF 

9100  IF  DP*DIFF  ♦  P  <■  0  THEE  LET  P  ■  P/2:  GOTO  9190 
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9X70  IF  DPOXFF  *  P  >»  1  THH  LET  P  •  (1  ♦  P>/3:  OOTO  9190 
9180  LET  P  ■  P  ♦  DP*DIFF 
9190  BBXT  IX 
9300  PBIBT 

9310  PBIBT  ‘MAXI MOM  ITIBATIOBS  C0MPLXTX0.* 

9330  PBIBT  ‘CbM|«  In  bound  loot  iteration  lo*;0IFF 
9340  XSTOBa 

9380  PBIBT  '3 AMP LX  SIZZ  TOO  LABOX  0B  SAMPLX  PBOPOBTIOB  TOO* 
9380  PBIBT  ‘ WSAB  1/3  TO  COMPOTB  EXACT  BIBO MI AL  DI3TBIB0TX0B. * 
9370  LXT  P  •  PO 

9380  PBIBT  ‘Oolng  tbo  noronl  approxlaot Ion , * 

9390  BBTOBB 
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